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Peter HyslopABSTRACT
The operation of buildings consumes a considerable amount of energy worldwide. Rising 
energy costs and the desire to reduce greenhouse emissions mean the desire to improve 
energy efficiency is becoming increasingly strong. Energy audits provide a structured method 
of analysing energy consumption at a facility in order to understand how energy is being 
consumed and thereby make intelligent decisions on how to improve energy efficiency and 
reduce energy consumption.
This dissertation provides a review of the practical application of an energy audit to the 
Canmore Nordic Centre, a cross country ski training and recreation facility located in the 
province of Alberta, Canada.
The audit process is first placed in context through a literature review of building energy 
trends, the relevance of energy efficiency, energy auditing methods and a number of case 
studies of energy efficiency measure implemented in similar facilities. A method of auditing 
the particular facility is developed, the results of the audit presented and the implications of 
the results to wider sector and other findings discussed.
The energy audit identified 38 specific efficiency measures that have the potential to save 
3692 GJ of energy annually, saving $31,400 in energy costs and 325 tonnes CO2e per year. 
The facility was found to be relatively inefficient and as such the majority of savings could be 
made by optimising the existing systems at low cost. Estimated capital costs were $22,600 
with a simple payback period of 0.7 years. Additional recommendations include conducting a 
detailed audit of the compressed air system, the recommissioning of two buildings, ongoing 
monitoring of individual building energy consumption and updating HVAC maintenance plans.
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x 1  INTRODUCTION
 1.1  BACKGROUND
In 2008 the provincial government of Alberta, Canada published a report outlining the 
provincial energy strategy. In this report it stated that Albertans “are among the highest per-
capita energy consumers on the globe” and “the way we use energy leaves a lot to be 
desired” [1].
Canadian commercial buildings are some of the most inefficient in the world [2] and of the 
regions in Canada, Alberta has the worst performing buildings [3]. While building energy 
efficiency is improving nationally, in Alberta the reverse is true. In a climate of increasing 
energy costs and a desire to reduce carbon emissions, the potential for energy efficiency is 
clearly great.
Energy efficiency has benefits to both the energy user and provider. To the energy user the 
benefits include reducing operational costs, reduction in local air pollution and increasing 
competitiveness. To the energy provider the benefits include reducing the need for 
investment in additional energy infrastructure, offering low cost GHG abatement options and 
decreasing dependence on imported energy sources. 
One of the most common methods of determining energy efficiency potential in a building or 
facility is by conducting an energy audit. Audits can range from a high level analysis of billing 
data to determine overall energy use trends, to an in-depth technical and economic analysis 
of individual energy consuming elements in a facility with accompanying recommendations of 
potential energy efficiency measures. Energy audits provide a structured method of analysing 
the energy consumption in a facility in order to understand how energy is being used and 
1identify ways of reducing energy consumption, cost and associated GHG emissions.
 1.2  RESEARCH OBJECTIVES
A primary driver for this project was a desire to gain practical experience in the energy 
auditing process. In order to do so, a search for a suitable facility to conduct an energy audit 
was conducted in the region where I was living – the town of Canmore, Alberta, Canada. The 
criteria for selection were that it be a public or not-for-profit facility (more amenable to provide 
and/or welcome assistance), to have not conducted energy audit work previously, there be 
support within the organisation for the work, and to have available historical energy records. 
This search revealed the Canmore Nordic Centre as a suitable candidate.
The age of the facility and the fact that no comprehensive energy efficiency study had been 
conducted during its lifetime lent it to be a good candidate to conduct an energy audit that 
would be both an educational exercise for myself and provide useful information to the 
management on potential energy efficiency measures that could be implemented. With a 
suitable facility identified the primary research question became:
What are the energy efficiency measures that can be identified at the Canmore Nordic 
Centre and how can these be applied to the wider cross country ski resort industry?
In order to place the audit work in context and broaden the scope of the project, the primary 
research question was divided into six specific research objectives:
1. to gain an understanding of building energy efficiency in the global, regional and local 
contexts 
22. to investigate energy efficiency strategies in similar facilities
3. to conduct an energy audit of the facility
4. to recommend a number of energy efficiency measures fitting to the scope of the 
audit
5. to recommend a set of general energy efficiency measures that can be applied across 
the sector
6. to determine key issues that arise in energy auditing of cross country ski resort 
facilities
 1.3  METHODOLOGY
In order to addressing the primary research question and related research goals the project 
was divided into three major parts:
1 – Literature Survey
The project is firstly placed in context through a review of building energy consumption in the 
region against global trends. This is followed by a justification of energy efficiency measures 
in buildings as a component to climate change mitigation and a review of Canadian energy 
efficiency policies and programs. An overview of energy efficiency strategies in ski resorts is 
then presented along with case studies of energy efficiency strategies implemented in similar 
facilities.
32 – Energy Audit
The energy audit forms the core work of the project. The audit is based on an ASHRAE 
guideline -  Procedures for Commercial Building Energy Audits (second edition) [4] 
approximately to their 'energy survey and analysis' level (this is roughly equivalent to the 
'Level 2' audit requirement in AS 3598:2000). The overall outcome of the audit is to develop a 
list of recommendation of energy efficiency measures that should be implemented detailing 
savings, implementation cost and any other relevant issues for each measure.
3 – Review
The remainder of the research objectives are addressed through a discussion of findings of 
the audit and literature review, specifically:
 Determining the energy efficiency measures that can apply to the sector as a whole.
 The issues that arose and lessons learned in auditing in general and specifically to 
this type of facility.
 1.4  THE AUDIT FACILITY
The Canmore Nordic Centre (CNC) is a year round outdoor sporting and recreation centre 
located in Canmore, one hour west of Calgary in the province of Alberta, Canada. Originally 
built to host the cross-country and biathlon
1 ski events for the 1988 Calgary Winter Olympics, 
the facility now hosts various local, national and international skiing, biathlon, mountain 
biking and trail running events every year, is the base of the national cross-country and 
biathlon ski teams and provides a large network of trails for outdoor recreation to the general 
1 Combined rifle shooting and cross country skiing
4public. The CNC is owned and operated by the Government of Alberta.
Source: [5]
The CNC is composed of the following buildings and facilities (see figure 1.1):
• A day lodge building and main stadium – the two storey day lodge is the main public 
building in the CNC and houses a large lounge area, cafe, public toilets, the 
administration staff offices, and several meeting rooms and a banquet hall. Adjacent 
is a 12,600 m
2 stadium used as the start/finish area at the various events.
• The biathlon building and biathlon shooting range – the biathlon shooting range is a 
31 lane, 4,150 m
2 range with automated electronic targeting. The facility is used for 
both training and competition. The biathlon building is primarily used during 
competitions, with rooms allocated for timing, registration, first aid and commentary 
functions.
• The wax building – mainly used during competitions the wax room is made up of 24 
5
Figure 1.1 - CNC overview map rooms used by teams for ski waxing. Because of the noxious nature of ski wax fumes 
a unique ventilation system is used to ventilate the building.
• Cross-country ski and biathlon 'team rooms' – two small buildings with rooms 
primarily rented to ski clubs in winter.
• Two maintenance buildings – these building house the equipment and repair 
workshops for the summer trail crew, the winter snow grooming equipment and the 
snowmaking system.
• Snowmaking system – a snowmaking system consisting of a network of compressed 
air and water distribution lines, snow guns, a large air compressor system and water 
pumping system sourced from a nearby reservoir.
• Trail / stadium lighting – due to the short number of daylight hours in winter the main 
stadium, biathlon range / stadium, wax test area and 6.5 km of ski trails are lit at 
night.
• The Bill Warren Centre – consisting of two building that are leased to a private 
operator. These building house the training facilities and administration staff for a 
number of regional and national ski teams.
• The Trail Sports building – leased to a private operator of a cross country retail, rental 
and instruction business.
Although a year-round use facility the majority of events occur during the winter months. 
Buildings are more highly used during the winters due to the cold temperatures. In summers, 
users such as mountain bikers and trail runners have less need to use the buildings. Winters 
also correspond with considerable operational activities in snowmaking, snow grooming
2 and 
lighting. Facility usage also varies considerably within seasons with high numbers of people 
present during events and low number at many other times. Weekend and public holidays 
periods are usually busier than weekdays due to use by the general public.
2 The mechanised packing down of ski trails by tracked vehicles ('snow cats') to form a consistent 
and stable snow surface to facilitate easy skiing. 
6The climate in Canmore is characterised by cold winters and moderate summers. During mid 
winter daily maximums average -10ºC although it is not unusual to have several severe cold 
periods where daily maximums are in the range -20ºC to -30ºC. Summer temperatures are 
moderate with average daily temperatures of 15ºC typical while some short periods occur 
where maximums reach 30ºC [6].
The CNC underwent a $25.6 million upgrade during the period 2005-2008. The primary 
drivers were the changing technology and standards for international cross-country ski racing 
which meant the facility was not able to host international events anymore. Along with 
upgrades to trails and stadiums, the shooting range was updated to a new electronic-
automatic scoring system, trail lighting was extended and the snowmaking system upgraded. 
The wax building was constructed during this period along with a second building at the Bill 
Warren centre. The biathlon building was updated and expanded as was the day lodge and 
maintenance building. A second maintenance building was also constructed. All buildings 
including the day lodge had mechanical systems upgraded and/or replaced along with a 
lighting upgrade at this time.
In the 2010 published Strategic Plan 2010-2015 “offering sustainable facilities” is stated as a 
core component of the CNC mission [5]. The plan notes that one the CNCs guiding principles 
is to demonstrate environmental leadership and as a component “showcase best practices in 
energy and water efficiency, environmental design, construction practices and products”. 
Facility energy audits are in fact slated as one of the activities recommended in the strategic 
plan. This report therefore comes at an opportune time for the CNC, fitting well within the 
priorities highlighted by the CNC.
7 2  LITERATURE REVIEW
 2.1  BUILDING ENERGY CONSUMPTION AND ENERGY EFFICIENCY BACKGROUND
 2.1.1  TRENDS IN CANADA
The 2008 Commercial & Institutional Consumption of Energy Survey, conducted by Natural 
Resources Canada (NRCan) classes the Canmore Nordic Center in the 
commercial/institutional sector and estimates that in 2008 this sector accounted for 14% of 
total energy consumption totalling 1,206 PJ or energy and 13% of GHG emissions. The 
sector is divided into 10 categories but dominated by three: offices, retail, and education. 
Together these account for 70% of total commercial/institutional consumption. Ski resort 
facilities fall into the Arts, Entertainment and Recreation (AE&R) sub-category which 
accounts for 2% of commercial/industrial consumption or 0.3% of national energy 
consumption [7].
The NRCan report states that the commercial/institutional sector grew in consumption by 
39% during the period 1990 to 2008. This is mainly attributed to economic growth which 
expanded by 73% in the sector and floor space growth which expanded by 37%. NRCan has 
calculated that of the 339 PJ increase in building energy consumption over this period, 322 
PJ was due to additional floorspace increases, 112 PJ were due to increased levels of 
service (for example greater use of computers, faxes and other auxiliary equipment in 
offices). The study estimates that offsetting further increases, energy efficiency measures 
accounted for a 104 PJ of energy reductions compared with a business as usual case [7].
Energy intensity (energy consumption per unit building area) in the commercial/institutional 
sector in Canada was 1.23 GJ/m
2 in 2008. In the AE&R category intensity was higher at 1.9 
8GJ/m
2.  However due to the wide range of facilities this category covers this figure should be 
used with caution when considering 'normal' consumption in facilities such as the CNC. 
Overall in the sector, in the period 1990 to 2008, energy intensity increased by 2% [7].
Figure 2.1 shows the breakdown of energy consumed in commercial & institutional facilities 
by end use. Space heating contributes almost half of the total energy consumed in the sector 
(48%) followed by auxiliary equipment (19%). Lighting, auxiliary motors and water heating 
consume approximately the same share of consumption (about 10% each) and space 
cooling 5%. Although technically not part of building energy consumption streetlighting (1%) 
is included in this sector (as this sector covers all municipal/local government activities which 
streetlighting falls under). The figures quoted for building energy intensity in this report 
exclude street lighting.
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Figure 2.1 - Commercial/Institutional energy consumption by end-use [7]
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Streetlighting 2.1.2  TRENDS IN ALBERTA
Figure 2.2 shows the relative energy intensities of commercial/institutional building across 
Canada for the years 2000 and 2008. In 2008 energy intensity in the commercial/institutional 
sector in Alberta (part of the Prairies category of figure 2.2) was the highest in the country at 
1.69 GJ/m
2. This compares to the national average of 1.23 GJ/m
2 and a low in Ontario of 
1.02  GJ/m
2 [3]. In 2000 the national average in the sector was 1.58 GJ/m
2 and in Alberta 
1.62 GJ/m
2 [8]. These figures highlight that while nationally commercial building energy 
intensity has significantly decreased (by 22% in 8 years) in Alberta energy intensity has been 
increasing (by 4% in 8 years). This is likely due to the rapid growth in the province of the oil 
and gas sectors over this period, industries that are not traditionally focused on energy 
efficiency, and a lack of focus by government to support and encourage energy efficiency in 
business (discussed further in section 2.2.2 ).
10
Figure 2.2 - Regional Commercial/Institutional Energy Intensity in Canada [3][8]
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Figure 2.3 shows a comparison of commercial building energy intensities around the world. 
Although building energy intensity is dependent on a number of factors that vary between 
nations such as weather, occupancy trends, space uses and comfort expectations, the 
intensity of Canadian buildings is obviously significantly higher than other countries'. This is 
particularly obvious when comparing the relative intensity between Canadian and Nordic 
countries' buildings which have similar climates (see figure 2.3).
 2.1.4  SIGNIFICANCE IN ADDRESSING CLIMATE CHANGE
A significant proportion of the world resources are funnelled into the construction and 
operation of buildings. In the United States commercial and residential buildings account for 
70% of electricity use and 38% of GHG emissions which globally equates to 7% of the worlds 
emissions. Worldwide, buildings account for 20-40% of energy consumption [9]. Projected 
11
Figure 2.3 - International commercial building energy intensity comparison [2]
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Canadagrowth in building related energy consumption is also expected to be significant especially in 
the developing world. According to a report commissioned by the United States Energy 
Information Authority (EIA) in 2010 “Commercial buildings’ energy consumption is projected 
to be the fastest-growing end-use sector for energy in developing countries” [10]. Overall the 
trend is similarly significant with the EIA also predicting that the current growth in energy 
demand in buildings will lead to half of the investment required in energy supply by 2030 [11].
The relevance of energy efficiency in buildings has been recognised by key organisation 
worldwide as an issue that needs to be harnessed in order to curb energy consumption 
growth and reduce carbon emissions. The Intergovernmental Panel on Climate Change 
(IPCC) in its 2007 report dedicates a chapter to residential and commercial buildings, stating 
that energy efficiency “encompasses the most diverse, largest and most cost-effective 
mitigation opportunities in buildings” [12] and the World Business Council for Sustainable 
Development (WBCSD) have also recognised the importance of energy efficiency finding that 
“efficiency gains in buildings are likely to provide the greatest energy reductions and in many 
cases will be the most economical option” [13].
In Canada cheap energy has resulted in building energy consumption to be amongst the 
highest in the world (on an energy intensity basis) and amongst the regions of Canada, 
Alberta has the most energy intense buildings. Partially Canada pays a penalty for its climate 
which dictates a significant energy requirements for heating, however it can be seen by 
comparison with countries of similar climate in northern Europe that have much lower energy 
intensities that much potential resides in improving building energy efficiency.
Nationally, energy efficiency in buildings has been highlighted by a number of policy groups 
as one of the key elements in Canada meeting its GHG reduction targets. In 2006 the 
National Round Table on the Environment and the Economy (NRTEE) stated that energy 
efficiency in the commercial sector should be reduced by 58% to 53 MtCO2e /year by 2050 in 
12order to meet government targets (at the time a 60% reduction on 2006 levels by 2050 [14]). 
Sustainable Development Technology Canada offered a more ambitious target. In their report 
Eco-Efficiency in Commercial Buildings they advocate for a halving of energy intensity in 
buildings by 2030 leading to a reduction of 36 MtCO2e /year by 2030 [15], a figure that 
represents 28% of the NRTEE required reductions from all sectors. These figures are set in 
the context of an increasing population of 10 million by 2050 and corresponding increase in 
economic activity.
Clearly improving the efficiency of buildings will be an important factor in addressing climate 
change. Public and private organisations on a global and national scale have highlighted the 
importance of commercial building energy efficiency and clear targets defined that will need 
to be achieved in order for buildings to contribute their 'fair share' in addressing the climate 
change dilemma. 
 2.1.5  ENERGY EFFICIENCY IN EXISTING FACILITIES
Broadly, energy efficiency in buildings can be achieved in two ways: through the construction 
of more energy efficient new buildings, or through improving the efficiency of existing 
buildings. Both methods will need to be employed to reduce overall building energy 
consumption however it is important to consider the size of the impact for both methods in 
order to understand their relative impact.
In 2008 there were approximately 470,000 [3] commercial buildings in Canada with an 
annual growth rate of 1.5% [16] or 7000 new buildings a year. In twenty years time this rate 
of increase would lead to an additional 160,000 buildings being built while the majority of the 
470,000 current buildings would still be in operation. Clearly, if only new building efficiency 
was considered it would take many years for the effects to be realised. Modifications and 
13retrofits to the existing building stock are therefore essential in order for overall national 
energy efficiency goals to be met.
In Canada over half of the current commercial/institutional buildings were built before 1980. 
Buildings constructed during this period had an energy intensity of 1.25  GJ/m
2. This 
compares with the current average of 1.07 GJ/m
2 [3]. If all buildings were updated to even 
current levels, commercial/industrial building energy could be reduced by 111 PJ or 9%. Of 
course much greater savings can be made, as these figures represent an improvement to 
the current status-quo which in itself is a relatively poor target on a global scale.
 2.1.6  BUILDING ENERGY EFFICIENCY BENEFITS
Reducing a buildings energy consumption has benefits both to building operators and users 
locally, regional governments and globally.
 2.1.6.1 LOCAL BENEFITS
• Reduce operating costs – The obvious incentive to building operators/owners is that 
of cost saving related to reduced energy consumption. Once initial capital outlays 
have been reimbursed these saving can directly reduce operational costs.
• Reduce impact of energy price increases – with growing demand worldwide for 
energy due to population and economic growth, energy costs are increasing. 
Reduction in energy consumption helps to minimise the impact of these increases.
• Increased comfort for building users – modern energy efficient strategies often also 
14have the benefit of improving occupant comfort. This is particularly the case with 
HVAC systems where optimisation of systems' energy consumption often leads to 
improved comfort, less fluctuation in temperatures and improved ventilation. Energy 
efficient lighting strategies can often include more natural lighting which is generally 
considered more 'comfortable' to building users.
• Reduce maintenance costs – Energy efficiency measures quite often emphasise 
routine maintenance and monitoring in order to optimise system operation. With more 
careful and rigorous attention paid to maintenance, major faults can be avoided and 
system lifetimes lengthened. Newer equipment installed during energy efficiency 
schemes can also have reduced maintenance requirements. 
 2.1.6.2  REGIONAL (PROVINCIAL/NATIONAL) BENEFITS
• Decrease peak demand – Building energy consumption is a major contributor to peak 
electricity loads. Heating and cooling loads in commercial buildings typically peak 
during the daylight hours when buildings are occupied and at times that overlap with 
the overall electricity peaks (typically in the morning and evening depending on the 
climate and season). Reducing the contribution to peak loads reduces the demand 
for infrastructure that is needed to support these peaks, infrastructure that is typically 
expensive due to its utilisation for only short periods of time. 
• Reduce need for growth in energy supply infrastructure – In summation, energy 
efficiency strategies have the flow on effect of reducing the energy demand on energy 
supply infrastructure as a whole. By concentrating on energy efficiency, expansion of 
expensive electrical supply and distribution infrastructure can be reduced. 
15 2.1.6.3  GLOBAL BENEFITS
• Reduction in GHG emissions – As the majority of the energy services in buildings are 
supplied through the consumption of fossil fuels, one of the clear benefits and drivers 
for energy efficiency in buildings is in reducing associated GHG emissions. The link 
between GHG emissions and climate change is now well established as are the 
corresponding consequences of rising temperatures, increasing frequency of weather 
extremes and flow on environmental, economic and social effects.
 2.2  THE CANADIAN POLICY SETTING
 2.2.1  FEDERAL – CANADA
 2.2.1.1 GOVERNMENT STRATEGY/PROGRAMS
Canada's response to the issue of climate change has fluctuated greatly since becoming a 
signatory to the Kyoto protocol in 1998. At the time, under a liberal government, the 
commitment to a 6% reduction in CO2 from 1990 levels by 2012 was written into law through 
the Kyoto Protocol Implementation Act and over their following 7 years in power, a variety of 
policies implemented in relation to energy efficiency and renewable energy goals in order to 
achieve these goals. The election of a conservative government in 2006 signalled a dramatic 
shift in policies ultimately leading the government to formally withdraw from the protocol in 
2011. Currently the government's official goals on carbon emission are aligned with those of 
USA, a modest reduction of 17 per cent below the 2005 level by 2020 (equivalent to a two 
per cent increase over the 1990 levels) [17].
16While the climate goals of the current government may leave a lot to be desired there is 
some impetus to support energy efficiency at the federal level. The government has two 
programs that are applicable to commercial buildings:
The ecoENERGY Efficiency initiative, begun in 2007 this program allocated $60 million for 
rebates to both residential and commercial energy efficiency retrofits, providing up to 25% 
the cost of the retrofit up to a total of $50,000. The program was extended for residential 
buildings from March 2011 for a further two years, however the rebate program for 
commercial buildings was not included as part of this extension. The program does still 
provide information resources on energy efficiency measure in these facilities.
The Federal Buildings Initiative (FBI) assists federal organisation in reducing the energy 
needs by providing reliable information on energy efficiency and encouraging the use of 
Energy Service Companies (ESCOs) in order to overcome the barrier of capital expenditure. 
ESCOs are used to cover the cost of energy efficiency improvement while the savings are 
paid back to the ESCO until the project costs are recovered. From April 2007 all new federal 
government buildings were required to meet the Leadership on Energy and Environment 
Design (LEED) gold standard (see section  2.2.1.3 ) [16].
Although both programs are a good source of guidance information, neither of these two 
programs is directly applicable to the CNC facility. There are currently no federal government 
programs that directly support energy conservation in facilities such as the CNC.
 2.2.1.2 CANADIAN GHG REPORTING
In March 2004 the Government of Canada introduced the Greenhouse Gas emissions 
17Reporting Program (GHGRP). This program is aimed at monitoring GHG emissions of the 
largest of the country's emitters, facilities which emit more than 50,000 tonnes of CO2e per 
year. Operations such as the CNC fall well under the GHGRP threshold.
There are currently no reporting requirement in Canada specific to buildings.
 2.2.1.3 BUILDING CERTIFICATION
There are currently three commercial building certification programs in use or in development 
in Canada.
1. Natural Resource Canada (NRC) - proposed
The federal government through NRC is in the process of developing a system for grading 
buildings. This is proposed to be introduced in 2012-13. It is modelled on a tool developed by 
US Environmental Protection Authority for its Energy Star® program. The system will be free 
and will provide benchmarking and normalisation for weather and occupancy.  [18]
2. Canada Green Building Council (CaGBC), LEED - existing
LEED® Canada - Leadership in Energy and Environmental Design (LEED) Green Building 
Rating System® is a third-party certification system that is widely in use. It consists of a suite 
of rating systems under various categories (New Construction, Core and Shell, Commercial 
Interiors, Existing Buildings, Homes & Neighbourhoods) that rates buildings according to 5 
whole-of-building sustainability criteria (sustainable site development, water efficiency, 
energy efficiency, materials selection, indoor environmental quality). Certification is on a 4 
18level scale (certified, silver, gold and platinum). The LEED Existing Building –  Operations & 
Maintenance (EB-OM) category is applicable to existing constructions such as the CNC [19].
3. Building Owners and Managers Association (BOMA Canada) - existing
The BOMA BESt (Building Environmental Standards) system is a 4 level independent 
certification system for commercial buildings (office buildings, shopping centres, open air 
retail and light industrial properties). BOMA BESt is a similar system to LEED, ranking 
projects against an number of similar criteria. While both systems have their uniquenesses 
they both cover the core issues of energy, water, air quality, lighting and waste consumption 
and can be considered 'competitors' in the green building certification front in Canada [20].  A 
comparison of the two programs by Stantec Sustainability Solutions [21] has suggested that 
BOMA BESt is most applicable to multi-tenant office buildings of small to medium scale, 
whereas LEED EB-OM applies to a wider range of facilities and those on the medium to 
large scale.
 2.2.1.4  BUILDING CODES
The existing federal Model National Energy Code for Building 1997 (MNECB) is currently 
under review and an update due in 2012. This code details the energy efficiency requirement 
for new buildings, alterations and change of use of existing buildings. The code is in addition 
to the National Building Code (NBC) which does not address energy efficiency performance. 
The new MNECB will include more stringent energy efficiency requirements. Adoption of the 
MNECB is however voluntary as building codes are under the jurisdiction of provincial and 
municipal governments. Currently the City of Vancouver and the Province of Ontario 
reference the MNECB and the Government of Alberta has indicated that it will adopt the 
updated MNECB in 2012 [22].
19 2.2.1.5 ENERGY EFFICIENCY REGULATIONS – PRODUCTS
Canadian Energy Efficiency Regulations apply to a wide range of regulated energy-using 
products in order to define minimum levels of energy efficiency. Regulated products include 
most household and commercial building appliances and heating/cooling equipment.
The international (US based) Energy Star® labelling system is used in Canada for products 
that meet or exceed higher energy efficiency standards. The labelling applies to major 
appliances, heating equipment, cooling and ventilation equipment, lighting, electronics, office 
equipment, windows/doors/skylights and new homes. It is used by various levels of Canadian 
government as a basis for rebates or tax incentives for energy efficiency programs.
 2.2.2  PROVINCIAL – ALBERTA
 2.2.2.1 GOVERNMENT STRATEGY/PROGRAMS
With a significant fossil fuel based industry in the tar sands and gas industries, the provincial 
government has similarly modest GHG emission reduction goals to the federal government. 
The current 2008 Climate Change Strategy commits to a mere 14% reduction of GHG 
emissions below 2005 levels by 2050 and of this proposes 12% can be achieved through 
energy efficiency and conservation measures [23] (70% is anticipated to be achieved the 
carbon capture and storage). Only emitters of greater than 100,000 tonnes of GHG per year 
are required legally to reduce their emissions.
20Following the release of the 2008 Climate Change Strategy, the Alberta government released 
the 2008 Provincial Energy Strategy [1]. Energy efficiency was highlighted as one of the 
three priority goals and in relation to buildings the government will “support adoption of 
energy conservation measures in buildings...” . In terms of buildings the strategy details three 
specific areas of focus:
• Updating of energy efficiency requirement in building codes through adoption of the 
federal building code (due to be released in 2012).
• Supporting municipal energy efficiency programs
• To provide leadership in building and operation of government buildings through the 
provision of Energy Performance Contracting (EPC) on all buildings, new building to 
be conforming to LEED silver and certification of large buildings to BOMA BESt 
standards.
While these projects will go some way to improving energy efficiency in buildings, the scope 
of their application is small. A new model building code will clearly be an improvement, but 
only to new buildings while municipal and provincial building programs are will only affect the 
relatively small number of buildings which are government run (and there is no evidence that 
the provincial building efficiency program is operating at all). Additional projects developed 
since the energy strategy was published have also been extremely limited, with the only 
direct action program to be funded by the government being Light It Right, a $4 million 
program to support commercial lighting upgrades (which ended in December 2011) [24].
A revealing report by the Government of Newfoundland and Labrador’s – Office of Climate 
Change, Energy Efficiency and Emissions Trading, quantifies the extent to which the Alberta 
government trails the rest of the country in prioritising energy efficiency [25]. Comparing 
21Alberta's two commercial building efficiency programs (Light It Right and one utility 
sponsored program), British Columbia has 10 commercial programs, Saskatchewan 10, 
Manitoba 17, Ontario 8 and Quebec 10. The report also goes on to quantify financial support 
of efficiency programs per capita. For 2010 the Alberta efficiency spend was $0.10 per 
person, contrasting severely with British Columbia at $36.04, Saskatchewan $9.47, Manitoba 
$26.39 and Quebec $35.71 [25]. The results can clearly be seen in the effect on building 
energy intensity. While the national average building energy intensity has decreased 22% in 
the period 2000 to 2008, Alberta's building energy intensity has actually increased by 4% 
(see section  2.1.2 ).
Clearly despite some political rhetoric about Alberta's commitment to reducing GHG 
emissions and the release of several provincial strategies highlighting energy efficiency as a 
'priority', building energy efficiency at a provincial level is very much not a priority.
 2.3  ENERGY AUDITING METHODS
The purpose of an energy audit is to quantify the energy consumption in a building or facility 
with the ultimate goal of identifying methods of reducing energy consumption. In Canada no 
universal standard exists for the energy audit process. Numerous professional industry 
association have developed their own procedures with varying degrees of application and 
use. Some of these include the American Society of Heating, Refrigeration and Air 
Conditioning Engineers (ASHRAE), Illuminating Engineering Society of North America 
(IESNA), Association of Energy Engineers (AEE) and Canadian Association of Energy 
Service Companies (CAESCO). While variations in their methods exist, a common aspect is 
the division of the audit into various phases or levels depending on the amount of time, effort 
and cost deemed appropriate to the task and goals at hand. These audits can range from a 
simple review of historical billed energy records taking less than a day to detailed monitoring 
22and analysis of specific elements of  building/facility energy consumption taking several 
weeks or months. Audits can also range in scope from entire facility or building to sub-
sectors or components of a building or facility.
For this project the recently released ASHRAE Procedures for Commercial Building Energy 
Audits (second edition) [4] has been used as the basis of the audit conducted. The ASHRAE 
as an organisation publishes widely in the field of building energy and can arguably be 
considered the de facto source for official standards in the North American building energy 
industry.
 2.3.1  THE ASHRAE ENERGY AUDIT PROCESS
The ASHRAE energy audit process is structured into three levels or phases of audit of 
increasing complexity and required time and cost to execute. In addition the ASHRAE 
structure defines a separate preliminary audit that should be conducted prior to each level of 
audit [4].
1. Preliminary Energy Use Analysis (PEA) – Preceding all levels of assessment, the 
PEA aims to quantify energy use at a high level through analysis of historical utility 
use, peak demand and cost. This data is used to determine the Energy Utility Index 
(EUI) – the annual energy consumption per unit area – and compares these values 
with values determined for similar buildings. Based on this comparison, the primary 
goal of this task is to determine whether significant energy saving potential is likely 
and warrants further investigation.
2. Level 1: Walkthrough Survey – A level 1 survey aims at identifying a list of potential 
energy saving opportunities that warrant further consideration. This will consist of a 
23list of low-cost/no-cost energy efficiency measures along with a list of energy 
efficiency measures that will require capital investment and would require further 
investigation. This level of assessment requires a brief on-site survey of the 
building/facility in order to gain a general understanding of the building operation, 
construction, energy consuming equipment and maintenance requirements.
3. Level 2:  Energy Survey and Analysis – A level 2 analysis involves determining a 
more detailed picture of energy consumption and peak demand in a building/facility 
broken down by energy end uses. The aim of this process is to develop a complete 
list of both low cost and capital intensive energy efficiency opportunities, the majority 
of which the owner/operator can act on with the level of information provided. Cost 
and savings for each opportunity are provided along with any changes in operation or 
maintenance procedures. More detailed engineering analysis would still be required 
for the more capital intense proposals.
4. Level 3: Detailed Analysis of Capital-Intensive Modifications – A level 3 engineering 
analysis focuses on capital intense opportunities identified at previous levels of 
assessment. More rigorous data collection and analysis is required in order to more 
accurately determine the potential savings and costs. This level of assessment is 
aimed at providing sufficient information for management to make confident decisions 
on any investments required. Detailed life-cycle costs are generally a key outcome of 
this phase.
These levels of audit do not have defined boundaries, as elements of different categories 
could be included on a case-by-case basis.
In this project the majority of the requirements of a level 2 audit were undertaken (including 
all of PEA and level 1 requirements). Due to the scope of the project and size of the facility 
24being audited not all of the elements could be included.
 2.4  ENERGY EFFICIENCY IN SKI RESORTS – CASE STUDIES
 2.4.1  ASPEN SKIING COMPANY
The Aspen Skiing Company (ASC) group of fours ski resort is one of the most 
environmentally proactive ski resort developments in the United States and serves as a 
useful role model to ski resort operations worldwide.
A dedicated commitment to sustainability has resulted in a the company setting goals of 
reducing GHG emissions from 2000 levels by 10% by 2012 and 25% by 2020 [26], a large 
portion of which is being achieved, or is planned on being achieved, through energy 
efficiency measures including:
• ongoing recording and communication of existing building energy consumption to 
building operators,
• incentive programs to encourage energy consumption reduction through changes in 
user habits,
• extensive improvements to existing building energy efficiency,
• implementation of operational changes in snowmaking and grooming
• Construction of LEED certified new buildings
In the ASC report “Green Design Strategies For the Intrawest/Aspen Skiing Company 
Snowmass Base Village Development” specific measures planned in order to achieve 
reductions in energy consumption included [26]:
25• Building commissioning – involving the inspection and adjustment of HVAC systems 
in existing buildings in order to ensure they are operating according to specification. 
This was highlighted as “the single most important environmental measures being 
undertaken at the base village” in the report,
• Centralised plant - the use of centralised mechanical plant rather than distributed 
systems,
• Condensing boilers – installation or replacement of existing boilers with high 
efficiency condensing boilers with efficiencies up to 95% in comparison with 
conventional boilers of efficiencies up to 85%,
• Building Management Systems (BMS) - the use of BMS in buildings in order to 
provide a high level of control to building HVAC operation in order to maximise 
efficiency,
• Efficient lighting – the replacement of conventional lighting equipment with high 
efficient lights (such as fluorescents and LEDs) and controllers (such as occupancy 
sensors),
• Waste heat recapture – The use of heat exchange equipment in air and water 
systems in order to recapture heat from waste streams and transfer this energy to 
preheat incoming streams,
• The use of high efficiency 'fan coils', used in the distribution of heated and cooled air 
streams.
Despite the strong commitment to sustainability and energy efficiency overall energy 
consumption grew in ASC over the period 2000 to 2007 by 20% [27]. This highlights the 
difficulty in reducing energy consumption in facilities such as this that are experiencing 
growth in their operations. As a result additional impetus was put on energy reduction 
strategies and a second phase of energy reduction measures was begun in order to achieve 
even greater reduction in energy consumption, reductions sufficient to offset growth of the 
26resort and meet the company's GHG objectives. These additional measures included [27]:
• Implementation of an annual or bi-annual maintenance program for all buildings with 
a focus on energy efficiency;
• Retrofitting of airlocks, air curtains and investigation of automatic door sensors on 
entrance ways to reduce heat losses;
• Encouraging behavioural changes through an employee program of energy 
champions;
• Auditing all ski lift buildings, heating schedules and retrofit timers;
• Auditing heat tape operation (gutter/eves-trough/downpipe heat strips that ensure 
water flow in sub-zero conditions) is efficiently controlled;
• Installation of energy monitoring hardware and software on all buildings to allow 
ongoing reporting of energy consumption;
• Investigate snowmaking energy consumption, audit results and benchmark against 
other resorts
One area of particular attention was snow-making. Snow making is a large consumer of 
energy in ski resorts as the process of making artificial snow involves the production of a 
considerable amount of high pressure air and pumping large volumes of water. Large energy 
consuming pumps and compressors are needed for this process, equipment that are 
significant electricity consumers.
In an audit conducted on the ASC snowmaking operations by the Colorado State University's 
Industrial Assessment Center in 2001, seven energy efficiency measures were 
recommended which it was estimated would result in operational savings of $180,000 with a 
capital payback period of 2 years [28]: 
271. Optimising snowmaking activities to appropriate dry-bulb temperatures
2. Repairing water leaks
3. Replacing old compressors
4. Installation of variable frequency drives
5. Reducing compressed air leaks
6. Installation of post compressor air cooling
7. Installation of energy efficient motors
While some of these recommendations were unique to the particular system, they provide a 
good guide of aspects to consider when improving snow-making system efficiency.
Overall, energy efficiency measures implemented by ASC in their building stock are what 
would be expected from a typical commercial facility with a large building portfolio.  Careful 
attention was paid to a variety of energy efficiency measures across all buildings, ranging 
from low cost strategies such as the installation of timers in lift heaters, encouraging changes 
in occupants behaviour, and monitoring energy use; to large scale projects such as the 
recommissioning of larger building's HVAC systems and the replacement of old and 
inefficient equipment. Overall in buildings, the greatest emphasis was placed on energy 
efficiency measures in heating systems – an obvious result of the cold climate that ski resorts 
operate in. Efficiency measures in snowmaking were also an area where considerable 
attention was paid due to the high energy intensity of snowmaking equipment.
 2.4.2  SNOWMAKING IN VERMONT SKI AREAS
A study commissioned by Efficiency Vermont in 2004 provides a very useful source of 
information on potential energy efficiency measures in ski resort operations [29]. This study, 
28covering snowmaking and ski lift operations only (not buildings or other services), found that 
compressed air and water pumping needs consumed 53% and 20% of total energy 
consumption respectively, with the majority of the remainder consumed by ski lift drives 
(20%). Although the CNC has no lift facilities, this data does highlight the very high energy 
needs associated with snowmaking.
The study found that there are three main areas where snowmaking energy efficiency 
measures should be focused:
1. Compressed air generation and delivery systems – consume the most amount of 
energy and therefore offer the greatest potential for energy savings.
2. Water pumping systems – offer similar saving opportunities but account for relatively 
lower energy consumption.
3. The snowmaking systems control and operation – efficiency gains can be made 
through appropriate control of system operation according to the prevailing ambient 
conditions
 2.4.2.1  COMPRESSED AIR SYSTEMS
The report emphasised the significant reductions in energy consumption could be made 
through the use of modern compressors and the intelligent selection of a network of 
compressors to meet all loading conditions. A common strategy is to select a high efficiency 
compressor to accommodate base load and peaking compressors that operate at reasonable 
efficiency at part loads. For these reasons, reciprocating and centrifugal compressors were 
recommended as best suited to base load supply, while screw compressors with Variable 
Frequency Drive (VFD) were recommended as more appropriate to part load scenarios for 
peaking supply.
29In order to maximise the efficiency of large capacity compressors, a compressor system that 
included a intelligent control system capable of selecting the appropriate compressor or 
combination of compressors to meet the flow and pressure requirements was recommended.
Since compressed air generation is expensive, minimising air leaks in compressed air 
systems was also found to be important. Techniques available in order to identify leaks 
included acoustics detectors and analysis of pressure gauges. Due to air lines being buried 
beneath the soil, air leaks were found to be difficult to locate but never-the-less important to 
find.
 2.4.2.2  WATER PUMPING SYSTEMS
Water pumping was the second largest consumer of energy in snowmaking systems. The 
detection and repair of leaks is an obvious method of reducing energy consumption 
associated with water pumping, but faces similar difficulties to locating air leaks due to the 
large underground network of pipes in the snowmaking systems.
Pumping systems were also recommended to make use of VFDs rather than recirculating 
systems or throttling valves as the latter two introduce inefficiency into the system. In a 
similar manner to the compressed air system, water pumping systems should also make use 
of a control system that minimises the operation of pumps at part loads.
30 3  AUDIT METHOD
As detailed in section 2.3, the ASHRAE energy audit process, Procedures for Commercial 
Building Energy Audits (second edition) [4] was used as the basis for the CNC energy audit. 
As recommended in this guideline, the audit process followed a broad-level structure which is 
tailored to the requirements of this particular application of an energy audit. In this case the 
tailoring was dictated by a number of factors unique to the project. These included: the 
nature of the audit as a research project / learning experience; the size of workload that 
would reasonably correspond to the project requirements; the anticipated level of support 
from the CNC; and level of audit that would be of practical use to the CNC. These factors 
were considered in defining the scope of the audit process from which the subsequent steps 
of the process followed. The audit process was structured as follows:
 3.1  SCOPE
The first step of the energy audit was to meet with the building manager to determine what 
expectations they had on the outcomes of the audit, the support that could be given during 
the audit process and what limitations might be expected in the types of energy efficiency 
opportunities that could be implemented (and thus be of practical use to analyse through the 
audit process). These discussions were conducted in September 2011 and led to the 
following observations that would help define the scope of the audit: 
• The nature of building upgrades that were conducted relatively recently (most building 
mechanical system were upgraded 7 years previously) and limited funding that would 
potentially be available for large scale capital investment, lent the audit process to 
focus on low cost energy efficiency measures that would not involve significant capital 
31outlay.
• Management was prepared to support the process with staff to record individual 
building meters daily. This was an important factor as the placement of the utility-
billed meters were not conducive to analysing energy consumption on a building-by-
building basis. This support would allow a more detailed analysis than would 
otherwise be available.
• Buildings would be a focus on the audit process along with snow-making mechanical 
equipment and trail-lighting. It was anticipated analysis of these elements would be in 
line with the thesis workload requirements. Elements not included were: the 
snowmaking/trail maintenance equipment (snow-grooming machines, snow mobiles 
and quad bikes), and any leased buildings on the grounds.
• The level of detail of the audit would be sufficient to quantify the major energy 
consuming services by end use and allow manual calculation of energy efficiency 
measures. The level of detail anticipated was roughly equivalent to level 2 of the 
ASHRAE standard.
 3.2  PRELIMINARY ENERGY USE ANALYSIS
A preliminary energy use analysis was conducted first to determine overall trends of energy 
consumption. Typically at this stage of the audit Energy Utility Indexes (EUIs) for each 
building are obtained and compared with benchmarks, however in this case, since billing 
data was not available for each building individually, EUIs could only be obtained after a 
complete walkthrough audit was conducted.
 The billing data provided the information needed to complete the following facility-wide 
analyses:
321. Energy consumption trends – seasonally and between years.
2. Electricity demand trends
3. Utility billing structure
 3.3  METER READINGS
Since the billing data did not allow analysis of energy usage on a building-by-building basis, 
electricity and gas meters were monitored on individual buildings for a two month period by 
facility staff.  Unfortunately not all buildings were metered so some gaps in information were 
present. For the buildings with missing or broken meters the walkthrough audit data would 
used in order to predict the buildings energy consumption. From the two data sets a 
complete picture of building-by-building energy consumption was formed and EUIs for each 
building obtained. The metered data was also used later to check the accuracy of building 
energy consumption based on the walkthrough audit calculations.
 3.4  WALKTHROUGH AUDIT
An initial walkthrough audit was conducted in September of 2011. The purpose of this visit 
was to become familiarised with the different buildings and equipment on site, learn the 
history of the buildings and equipment and to understand some of the operating issues and 
existing ideas for energy savings.
This was followed by a series of detailed audits of all buildings during November and 
December 2011. The purpose of these visits was to provide the data required in order to 
estimate consumption by end use, gain a greater understanding of factors influencing energy 
33consumption in the buildings and develop ideas of potential Energy Efficiency Opportunities 
(EEO's). During this process the following information was collected:
• An overall description of the building and major energy consuming services such as 
HVAC, hot water and lighting.
• Energy consuming equipment loads and operating schedules. A variety of sources 
were used depending on the availability of information:
◦ Rated loads (from equipment nameplates)
◦ Measured loads (using a multimeter/clamp-meter)
◦ Observed loads (using Building Management System (BMS))
◦ Designed loads (from design documentation)
◦ BMS operating schedules (logs of equipment operation where available)
◦ Building occupancy (known times of daily/seasonal use)
◦ Estimated equipment/building usage (based on staff knowledge)
 3.5  ANALYSIS OF ENERGY USING SYSTEMS
Once the equipment data had been collected it was collated into six end use categories: 
HVAC, Domestic Hot Water (DHW), lighting, auxiliary (plug in loads), snowmaking 
(compressor loads and on-ground plug in unit loads) and water pumping. Largely this 
process involved simple calculations based on the operating loads of equipment and the 
annual hours of operation to determine the annual energy consumed. The accuracy of this 
method varied depending on the degree of uncertainty in the load or operating hour 
estimates or measurements so every reasonable effort was made to determine these factors 
as accurately as possible but within the constraints of the scope of this audit.
34HVAC loads were calculated using the Effective Full Load Hours (EFLH) method. For HVAC 
systems, where the equipment cycling is difficult to estimate, the EFLH provides an estimate 
of the equivalent annual hours of operation the equipment would run for if operated 
continuously at full load. The EFLH can be calculated using the equation:
EFLH = degree-days per year * 24 / 18 – design temperature [30]
where:
degree-days per year  -  5473 [31]
design temperature - -33 ºC [30]
The annual energy consumption can then be calculated
Annual energy consumption  = EFLH x rated load x oversize factor
where:
rated load = the nameplate or design specified capacity of the heating/cooling unit
oversize factor = 1.4 (to account for specification of components larger than required 
in order to introduce a safety factor) [32].
This method makes a number of assumptions of the design parameters and the oversizing 
factor, however it was deemed a reasonable method for calculating heating loads in the 
absence of design documentation and without delving into modelling techniques that would 
not be warranted for this level of audit.
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During the detailed audits of the buildings a list of Energy Efficiency Opportunities (EEO's) 
was developed. The primary goal of this process was to uncover EEOs that would offer the 
greatest energy cost savings at the lowest cost. While reducing energy consumption and 
associated GHG are directly linked, the cost factor was the focus of this audit. In generating 
the list of EEOs the following aspects were taken into consideration:
• An understanding of the buildings/facilities and end-uses that had the highest energy 
cost
• Observations of equipment specification, the current state and any performance data 
readily available (from BMS or measurements)
• Judgements of appropriateness of existing equipment to application
• Understanding of operation, control and scheduling of the equipment
• Knowledge of efficiency measure that may be applicable
This list was presented initially to the building manager in order to overview which of the 
ideas would be feasible and which could clearly be eliminated at this stage. Since economic 
analyses were yet to be conducted any ideas that were eliminated were based on practical, 
operational or past experiences rather than pre-judging the economics of the EEO.
 3.7  ECONOMIC EVALUATION
Each of the EEO's in the reviewed list was analysed in terms of its economic costs and 
benefits. Simple Payback Period (SPP, the capital cost associated with the EEO divided by 
the annual cost savings) was used as the primary indicator of economic feasibility. Although 
36this method does not take into account the time related changes in value of money (such as 
inflation or discount factor) since at this level of audit the major concern is annual energy cost 
savings, which in all cases were consistent year-to-year, this is an effective method of 
summarising the cost/benefit relationship and also appropriate to the accuracy of the 
predicted savings and costs being developed.
The assumption used in calculating savings and costs of each of the EEOs were also 
documented.  
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 4.1  DESCRIPTION OF ENERGY CONSUMING EQUIPMENT AND OPERATION
An overview of the buildings and facilities that make up the CNC can be found in section 1.4. 
For each building, a more detailed description of its usage, energy consuming equipment 
and operation can be found in Appendix A.
One important observation that should be noted here is the upgrade of most mechanical 
equipment during a major facility overhaul over the period 2005-2008. The implication of this 
is that the financial justification for replacing mechanical equipment with more efficient 
models becomes more difficult for this, relatively new, equipment than if the equipment were 
at the end of its useful life. This is because, when replacing equipment that is at the end of its 
life, any efficiency savings that are made only need to be justified against the incremental 
cost of the high efficiency equipment above 'regular' efficiency equipment, since the 
equipment would need to be replaced in any case. In the case of equipment which has 
significant useful life remaining, energy efficiency savings will need to be justified over the full 
replacement cost, since the equipment is being replaced much earlier than it otherwise 
would.
 4.2  UTILITY BILLING ANALYSIS
Utility billing data was obtained from the CNC management. Electricity data was available for 
the three billed meters (main, snowmaking pumphouse, and domestic water pumphouse) 
from April 2010 through September 2011. Gas data was available for the four billed meters 
38(main, biathlon building, biathlon team room and wax building) from March 2010 through 
November 2011. This data comprised all the electrical and gas energy consumed by CNC on 
the site. Ideally a longer period of historical data would be desired for analysis of year-to-year 
trends however this was not available. Analysis of this data is useful in order to identify 
overall trends in energy consumption. Further analysis on a building-by building basis (based 
on walkthrough audit data) can be found in sections 4.4  and 4.5 .
The complete record of utility data can be found in Tables B.1, B.2 and B.3 in Appendix B.
Table 4.1 shows the annual energy consumption and cost for the facility.
Consumption (GJ) Cost ($)
Annual electricity: 4,998 243,784
Annual gas: 6,335 33,136
Total annual energy: 11,333 276,920
Table 4.1 - Annual energy consumption
 4.2.1  ELECTRICITY CONSUMPTION
Figure 4.1 shows the total electricity consumption for all CNC buildings and operations. Since 
several full year of billing data could not be obtained, a year-to-year comparison of electricity 
consumption is not possible. This figure does however demonstrate a large seasonal 
fluctuation in electricity consumption characterised by a large peak in electricity consumption 
in the months of November and December and tapering off in the later months of winter and 
early spring. This is primarily a result of the very high electricity consumption in snowmaking 
operations and secondarily due to the higher heating loads in winter periods and increased 
facility usage during these periods.
39Figure 4.2 shows the division of total electricity consumed by meter (the main meter records 
all the electricity at the site with the exception of the two water pump houses). This shows 
that 85% of electricity is consumed in buildings and operations and the remaining 15% is 
consumed by water pumping.
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Figure 4.1: Total electricity consumption
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Figure 4.2 - Electricity consumption breakdown by meter (in GJ)
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Domestic water pumphouse 4.2.2  ELECTRICITY DEMAND
Figure 4.3 shows electricity demand (the maximum recorded demand over the billing period) 
relative to consumption for the main meter (demand data was not available for other meters). 
Once again this shows a peak during the winter months related to snowmaking activities, 
although it is interesting to note that demand leads consumption. This is likely due to pre-
season testing of equipment running at full capacity during these early season months. Later 
in the snowmaking season, while consumption is greater (due to longer operating hours), 
snowmaking equipment is not run to its full capacity and thus demand is lower. It should be 
noted that utility demand charges are based on what is called 'billing demand' (roughly equal 
to peak annual demand) not actual demand during the billing period. This is explained further 
in section 4.2.2 .
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Figure 4.3 - Main meter electricity demand
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) 4.2.3  GAS CONSUMPTION
Figure 4.4 shows total gas consumption of all CNC buildings. With the majority of heating 
being gas based the seasonal trend is obviously higher in winter months and lower in 
summers. Once again a lack of historical data (along with missing data points) does not allow 
much insight into year-to-year trends. Inspection of the billing records along with average 
monthly temperature records (see Appendix B) for the data points that do not fit the overall 
trend indicate excessive consumption in specific buildings during these periods (the day 
lodge in March 2011 and wax building September 2011). This could point to issues with 
heating equipment or significant changes in building usage during these periods. A quick 
review of heating degree days during these months indicated temperatures were not out of 
range from normal, so these are unlikely to be a weather related anomalies.
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Figure 4.4 - Total gas consumption 
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)Figure 4.5 shows the division of gas consumption amongst billed meters. The majority of gas 
is consumed at the day lodge, maintenance buildings and cross-country team rooms 
(metered together). The wax building consumes a relatively high (for a single building) 29% 
of total consumption and the remaining buildings much smaller contributions to total 
consumption.
 4.3  UTILITY BILLING SCHEME
The CNC is supplied electricity by Epcor and gas by Direct Energy. The CNC is currently 
pursuing energy cost savings through the contracting of a consultant who is focusing on 
savings that could be made by optimising of the billing scheme and utility providers. Energy 
audits often cover this aspect in their billing analysis, however in this case, since this is 
already being addressed, it will not be covered. Additionally, it is difficult to access 
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Figure 4.5 - Gas consumption breakdown by meter (in GJ)
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Wax Buildinginformation on alternate commercial billing schemes without having a direct commercial 
relationship with the energy customer.
It is never-the-less important that the energy user understands the structure of the utility 
billing schemes. With an understanding of how energy charges are calculated, energy 
consumption can be modified in order to minimise these charges (for example by considering 
variation in time-of-use charges and demand charges in setting equipment operating 
schedules.)
 4.3.1  ELECTRICITY
Electricity is billed based on two components: electrical energy (generation) charges and 
delivery (transmission and distribution) charges.
The electrical energy charge structures vary between the three billed accounts. For the main 
meter, electrical energy charges are composed of a variable time-of-use based consumption 
charge, an administration charge and a line loss charge. Consumption charges vary both by 
season and by time-of-use. The snowmaking and domestic water pumphouses have a 
similar structure but with a single variable rate (with no time-of-use variation in rates) and no 
line loss charge. Table 4.2 summarises the average consumption charges over the billing 
period analysed.
44Meter Winter high 
peak (4pm-
9pm)
Winter 
peak (8am-
4pm)
Shoulder 
peak (8am-
9pm)
Summer 
peak (8am-
9pm)
Base hours 
(9pm-11pm, 
7am-8am)
Advantage 
hours 
(11pm-7am)
Main meter 16.1 6.7 10.4 12.2 5.5 2.6
Winter average* 7.4
Shoulder average
† 7.3
Summer average
‡ 8.1
Yearly average 7.8
Snowmaking 
pumphouse 8.0
Domestic water 
pumphouse 7.9
   * November, December, January,
 † October, February, March, 
‡ April – September 
Table 4.2 - Electricity consumption rates (cents/kWh)
The delivery charges are composed of 5 elements: a transmission and a distribution demand 
charge (constitutes the majority of the cost and is based on billing demand), a transmission 
charge (relatively small and based on energy consumed), a number of 'rate riders' (relatively 
small credits or charges approved by Alberta Utilities Commission that are linked to the 
service address) and a local access fee (a small fee related to accessing municipal lands).
Although the relationship between delivery charges, demand, consumption and other 
variable are not published, a review of the billing data shows that the majority of the delivery 
charges are based on demand charges. For all meters the demand is based on what is 
termed the 'billing demand'. For the main and snowmaking pumphouse meters the 'billing 
demand' is structured such that there is a minimum value below which it never falls and for 
which it increases above only during periods when actual demand is greater than 'billing 
demand'. Figure 4.6 illustrates this relationship for the main meter.
45For the domestic water pumphouse the 'billing demand' varies over the year and is equal to 
the maximum demand during the billing month.
The nature of the demand charges on main and snowmaking meters is particularly significant 
due to the 'peaky' nature of electricity demand in winter months. The very high electricity 
demand for just a few months in winter results in high demand-based charges for the whole 
year. As a result there are times during summer when almost no electricity is being 
consumed by the snowmaking pumphouse but the demand charge is $5000 per month. 
Table 4.3 shows the demand charges for the three different billed meters.
Meter Delivery charge rate ($ per year/kW)
Main meter $99
Snowmaking pumphouse $83
Domestic water pumphouse $165
Table 4.3 - Demand charges
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Figure 4.6 - Actual vs 'billing' demand
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during the peak two month period, where actual demand is above the minimum 'billing 
demand', would any savings come into effect. Based on the utility records for this period 
(October/November) the demand reduction cost savings is 17 $/kW per year.
Discussions with CNC management indicated that the nature of the demand charges was a 
well know issue to them that was in the process of being addressed by a consortium of ski 
resort operators negotiating with utilities for a 'better deal'. If the structure was changed to 
reflect actual demand during the billing period significant savings would clearly follow.
 4.3.2  GAS
Gas is billed in two categories: generation and distribution. Both categories are composed of 
a small fixed administration fee and variable rate consumption charges. Gas charges per GJ 
are published for the generation but not for distribution. Since the fixed fees were very small 
relative to consumption charges, a reasonable approximation of the rate was determined by 
dividing the annual gas cost by annual consumption. The average gas charges for the 6 
billed meters are listed in table 4.4
Meter Gas consumption charge rate 
($/GJ)
Day lodge, maintenance buildings 
&  cross-country team rooms
4.91
Biathlon team rooms 4.64
Biathlon building 4.50
Wax building 4.65
Domestic water pumphouse 4.09
Table 4.4 - Gas consumption rates
47 4.4  ENERGY CONSUMPTION AND COST BY BUILDING/FACILITY
Analysis of energy consumption by building typically utilises utility billing data to break down 
actual energy consumption and cost. Lack of individual billing on buildings meant this was 
not possible. Manual metered data offered more resolution in the energy breakdown but had 
a number of 'holes' in the data due to broken or missing meters. Walkthrough audit data was 
therefore used to breakdown consumption by building/facility. It should be noted that the data 
was based on calculations of energy consumption rather than actual recordings of energy 
consumption. This is discussed further in section 4.6 .
Figure 4.7 show the breakdown of energy consumption and cost by building or facility. 
Spreadsheets of the complete breakdown of energy consumption and cost by building and 
end use can be found in Appendix C.
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2,445
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86
1%
Consumption (GJ)                                                                   Cost ($)
Day Lodge Snow making Maintenance building 1
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Biathlon building Wax building Trail & street lighting
$47,590
18%
$149,306
55%
$10,093
4%
$4,129
2%
$17,159
6%
$9,192
3%
$4,566
2%
$21,621
8%
$7,337
3%
Figure 4.7 - Energy consumption and cost by building/facilityThe chart of the left of figure 4.7 shows the breakdown of energy consumption by building. It 
can be seen that the major consumers of energy at the CNC are the day lodge (36%), wax 
building (23%) and snowmaking operations (16%). Together these consume three quarters of 
the energy at the facility. The remaining 25% is consumed in the remaining 5 buildings and 
trail lighting.
The chart of the right of figure 4.7 shows the breakdown of energy costs by building. The 
differences between the cost and consumption charts highlights the large influence of 
electricity and gas costs. Electricity costs are four times greater than gas (electricity costs on 
average 23 $/GJ compared to 4.9 $/GJ for gas) leading to a magnification of any electricity 
based energy services compared to gas. Electricity also has an additional demand cost 
which adds significantly to the overall cost, especially in the case of snowmaking. The 
relative costs of energy are an important factor when prioritising energy efficiency 
opportunities.
Figure 4.7 shows that snowmaking is by far the greatest energy cost at the CNC totalling 
$149,000 per year or 55% of the total energy bill. The next largest costs are the day lodge at 
$48,000 and 18%, followed by the wax building at $22,000 and 8%. The remaining buildings 
and trail lighting make up 19% of the total energy cost.
Table 4.5 lists the top five buildings / facilities according to energy consumption and cost. 
This table is useful in summarising the areas that offer the most potential for energy 
reductions and savings to be made. Consideration should be given to both consumption and 
cost. Buildings/facilities that consume the most energy are likely to have good potential for 
making reductions, while the building/facilities which have the highest energy cost are likely 
to have the highest potential for savings relative to the amount of energy actually saved.
49Top 5 energy buildings/facilities – by 
consumption
Top 5 energy buildings/facilities – by cost
GJ/year $/year
Day lodge 3,883 Snowmaking $149,306
Wax building 2,455 Day lodge $47,590
Snowmaking 1,790 Wax building $21,621
Snowmaking maintenance building 750 Cross-country team rooms building $17,159
Cross-country team rooms building 636 Snowmaking maintenance building $10,093
Table 4.5 - Top 5 energy buildings/facilities by consumption and cost
 4.5  ENERGY CONSUMPTION AND COST BY END-USE
In analysing energy consumption and cost at the CNC it is also useful to consider  the 
breakdown by energy end-use. This is summarised in figure 4.8. As with the building/facility 
analysis, end-use data was derived from walkthrough audit data. Spreadsheets of the 
complete breakdown of energy consumption and cost by end use can be found in Appendix 
C.
In terms of consumption the largest energy end-use at the CNC is HVAC heating (59%), 
followed by HVAC electricity (13%), snowmaking electricity (10%), water pumping electricity 
(7%), lighting (5%), auxiliary electrical loads (4%) and gas DHW heating (2%).
50Once again, when considering the breakdown of energy costs, the large difference between 
gas and electricity rates has a significant bearing. In terms of cost the major energy end uses 
are water pumping and snowmaking (28% each), HVAC electricity (17%), HVAC heating 
(11%), lighting (9%) and auxiliary electrical loads (6%).
The top five energy end-uses by consumption and by cost are listed in table 4.6.
51
1408
13%
6431
59%
199
2%
584
5%
390
4%
1087
10%
756
7%
Consumption (GJ)                                                                    Cost ($)
HVAC – Electricity HVAC – Gas DHW – Electricity DHW – Gas
Lighting – Electricity Auxiliary – Electricity Snowmaking – Electricity Water pumping – Electricity
$44,975
17%
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Figure 4.8 - Energy consumption and cost by end useTop 5 energy end uses – by consumption Top 5 energy end uses – by cost
GJ/year $/year
HVAC – gas (heating) 6,431 Snowmaking – water pumping $76,656
HVAC – electricity (fans, resist. heating) 1,408 Snowmaking – comp. air & fan guns $75,515
Snowmaking – electricity (comp. air & 
fan guns)
1,087 HVAC – electricity (fans, resistance 
heating)
$44,975
Snowmaking – water pumping 756 HVAC – gas (heating) $30,814
Lighting 584 Lighting $25,335
Table 4.6 - Top 5 energy end uses by consumption and cost
 4.6  DATA SOURCE REVIEW
Three sources of energy consumption data were used in the audit: billing records, manual 
meter readings and walkthrough audit results. Since there was a lack of sufficient resolution 
to billing records to check the walkthrough audit energy consumption calculations against, 
meter reading data was used.
Table 4.7 shows a summary of the annual energy consumption from the three data sources. 
Audit results highlighted red are greater than 20% of the measured data and green less than 
20% . A discussion of some possible reasons for these differences follows. It should be noted 
that measured meter gas data was normalised to the historical HDD average from the HDD 
over the analysis period. This attempts to minimise the effect of the particular weather 
conditions that were prevalent during the metered period on gas consumption. Electricity 
consumption during this period is not normalised as it is largely not effected by weather and 
the comparison takes into account events/activities that occurred during this period that are 
not representative of 'normal' operation (for example snowmaking was intense during this 
period but this only occurs during three months of the year)
52Annual Electricity Consumption Annual Gas consumption
From 
utility 
bills
From daily 
meter reads
From 
energy 
audit
From 
utility bills
From daily 
meter reads
From 
energy 
audit
GJ/year GJ/year GJ/year GJ/year GJ/year GJ/year
CNC main meter 4242 7248
Day lodge 1130 1009 2874
Day lodge, maint blds & CCTR 4343 4,345 3887
Maintenance buildings 
(including snowmaking)
3794 1410
Maintenance buildings 323 786
Cross country team rooms 408 86 228
Biathlon team rooms 207 100 99 228
Biathlon building 64 62 236 195 449
Wax building 378 1907 2217 2067
Trails (lighting & snowmaking) 265
Total 4242 7248 4062 6586 6975 6631
Table 4.7 - Audit data source comparison
The following observations can be made about how the audit results compare with the meter 
and billing data:
Electricity:
• Overall electricity consumption seemed to be well predicted: 4062 GJ/year from 
walkthrough compared to 4242 GJ/year from billing records.
• Day lodge electricity consumption appears to be well predicted: 1009 GJ/year from 
walkthrough compared to 1130 GJ/year from metering.
• Biathlon building electricity consumption appears to be well predicted: 62 GJ/year 
from walkthrough compared to 64 GJ/year from metering.
• The daily meter readings significantly overestimated the total annual electricity 
consumption since snowmaking was occurring regularly during the period of 
measurements.
53Gas:
• Overall facility consumption, wax building consumption and the sum of day lodge, 
maintenance and cross country team room building (metered together) consumption 
seems to be reasonably well predicted.
• Gas consumption in the team rooms and biathlon building was significantly 
overestimated. This is likely due to the method used to calculate the annual furnace 
gas consumption which is based on the furnace capacity. Since the furnaces in these 
buildings were significantly oversized for their applications it would be logical that gas 
consumption was over predicted. In EEO analyses meter readings data was used 
rather than audit data.
Overall the methods employed in calculating energy consumption from walkthrough audit 
data would seem to be effective in predicting building energy consumption. The errors that 
were observed in some of the audit calculations were taken into account in subsequent steps 
of the energy audit. 
 4.7  ENERGY UTILISATION INDEX
The Energy Utilisation Index (EUI) is a valuable indicator of overall building energy 
performance. By comparing the EUI of a building to benchmarks, an indication of its 
performance relative to other buildings in the industry can be gained, and an initial estimate 
of the energy savings that could be made if the building performed according to the 
benchmark can be made.
54Table 4.8 shows the annual energy consumption, conditioned areas and EUI for all CNC 
operated buildings. Annual electricity and gas consumption data was taken from meter 
readings or, where this data was not available, from audit data based on judgements made 
on the accuracy/representativeness of the data. EUIs were calculated in units of kJ/m
2/HDD 
as it takes into consideration the local climate by normalising against HDD. Although not all 
energy consumption is associated with heating and cooling, in colder climates such as the 
ones considered here, a large proportion is and so facilitates comparison of buildings in 
different climates on a more equal basis.
Building Electricity Gas Area EUI
GJ GJ m
2 kJ/m
2/HDD
Day lodge 1130
M 2874
A 1882 389
Maintenance building - 
Snowmaking
238
A 512
A 517 265
Maintenance building - 
Trails
85
A 273
A 437 150
Cross country team room 
building
408
A 86
M 285 317
Biathlon team room 
building
207
A 99
M 157 356
Biathlon building 64
M 195
M 229 207
Wax building 378
A 2217
M 632 750
Total 2510 6256 4139 387
              
          Source: M – from meter readings, A – from walkthrough audit
Table 4.8 - Annual building energy consumption summary
 4.7.1  BENCHMARK COMPARISON
A thorough search of published EUIs that would be relevant for benchmarking the CNC 
buildings revealed few results. While EUIs are widely published for common commercial 
buildings such as offices, retail stores, warehouses, hospitals and other public facilities no 
specific data could be found that would be applicable to cross-country ski resort operations. 
55This is not surprising given the uniqueness of the operation and the small number of facilities 
in this category that exist – any published data would have very limited application. The 
search was then widened to alpine ski resort facilities with a similar scarcity of useful 
information. In light of this a number of ski resorts were contacted in order to source building 
energy consumption data directly. Aspen Ski Company and Whistler Olympic Park 
responded favourably to the request and subsequently supplied energy data and building 
areas for a number of relevant buildings in their portfolio. From this data EUIs could be 
calculated. The results are listed in table 4.9 along with a number of published benchmarks 
which, although not applicable specifically to ski resort facilities, are applicable to the region 
and the commercial building industry in general and do provide useful comparators.
Of the industry benchmarks, Whistler Olympic Park (WOP) provides perhaps the most 
relevant comparison data. The WOP was built for the 2010 Winter Olympics as a facility with 
much the same operational requirements as the CNC – namely the support of cross country 
ski events and recreational cross country ski users. While a smaller scale facility with no 
snowmaking or trail lighting facilities, several of the buildings closely matched those at the 
CNC in terms of function –  a day lodge, cross country and biathlon team buildings. These 
buildings are only 2 years old (as opposed to the 22 years of CNC buildings) and their design 
reflects the increased emphasis on sustainability and thus energy efficiency that is present in 
modern building practices (and also further emphasised in such a high profile public facility). 
A unique feature of these buildings is their sole reliance on electrical heating sources 
(presumably to take advantage of the fact that 93% of electricity is sourced from renewable 
hydropower in British Columbia, with a corresponding small carbon footprint). Of particular 
note is the day lodge building which was designed with passive solar principles in mind and 
is rated LEED 'gold' standard.
One building at Aspen Ski Company was also used as a benchmark, a cross country ski 
centre that is used as a golf course clubhouse in the summer. This building is LEED rated 
56silver and incorporates a water sourced heat pump for 100% of the building heating.
Source Category/description Benchmark  Units
Published benchmarks
Municipal Climate Change 
Action Center [33]
Alberta: dry recreation centre – median. Sample 
size: 5. Minimum: 179. Maximum: 291.
250 kJ/m
2/HDD
Municipal Climate Change 
Action Center [33]
Alberta office – median. Sample size: 65. 
Minimum: 138. Maximum: 653.
258 kJ/m
2/HDD
Municipal Climate Change 
Action Center [33]
Alberta public works shops – median. Sample 
size: 31. Minimum: 122. Maximum: 517.
226 kJ/m
2/HDD
Industry benchmarks
Aspen Ski Company[34] 'Snowmass clubhouse'. Summer golfcourse 
clubhouse and winter XC ski centre. 'Silver' rated 
LEED building utilising water-source heatpump for 
heating/cooling.
152 kJ/m
2/HDD
Whistler Olympic Park[35] Day lodge. 'Gold' rated LEED building. Passive 
solar design. Contains (small) cafe, public seating 
area, rental area, offices, washrooms. Usage 
concentrated to winter months. No gas consumed 
in building.
367 kJ/m
2/HDD
Whistler Olympic Park[35] Cross country & biathlon building average. 
Contain washrooms and rooms used for storage, 
waxing, club meetings.
255 kJ/m
2/HDD
Table 4.9 - EUI Benchmarks
Figure 4.9 displays the EUIs for CNC buildings (in red) against the most relevant 
benchmarks (in blue). It should be noted that while these benchmarks provide the best 
comparison data that could be found, their limitations should be considered. These include 
the small sample number of buildings that were found to be directly relevant to the buildings 
analysed and the comparison of buildings with varying occupancy, usage and hours of 
operation which influence energy consumption. None-the-less these benchmarks do provide 
the best insight available into how the CNC buildings are performing relative to others.
57Firstly considering the day lodge, it can be seen that the CNC building uses only marginally 
more energy per unit area (389 kJ/m
2/HDD) than the WOP day lodge (367 kJ/m
2/HDD) but 
considerably more than the ASC Snowmass clubhouse (152 kJ/m
2/HDD). This result is 
somewhat surprising, particularly in comparison with the WOP building which offers the 
closest match to usage or function that could be expected, is 20 years newer in construction, 
and was designed to meet a high sustainability rating, yet had an EUI only marginally less 
than the CNC day lodge. It also highlights the difficulties that lie in comparing energy 
consumption between buildings.
Despite the benchmark buildings being as close in function as could be expected to the CNC 
building, their energy consumption varies considerably (and in fact is inverse to what might 
be expected with the 'silver' rated ASC clubhouse using less than half the energy of the 'gold' 
rated WOP day lodge). Obviously the small sample size of two buildings is an issue, but this 
also highlights that even amongst buildings of a similar usage, unknown factors such as 
58
Figure 4.9 - EUI comparison
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EUI (kJ/m2/HDD)operating hours and the exact nature of the buildings usage will have a large bearing on 
energy consumption. Another factor in this comparison is the assumption that LEED 
buildings should use less energy than a non-LEED building. In a report published by the 
National Research Council of Canada on energy consumption trends in LEED buildings, it 
was found that while energy consumption of LEED buildings is on average 18-39% less than 
their conventional counterparts, there was a large degree of variance in the results, with 28-
35% of the LEED buildings using more energy their conventional counterparts [9]. 
Comparing the day lodge with the Alberta municipal benchmarks, the day lodge (389 
kJ/m
2/HDD ) uses over 50% more than the dry recreation centre (250 kJ/m
2/HDD) or office 
buildings medians (258 kJ/m
2/HDD). While the categories of use of these buildings are not 
matched directly to the CNC day lodge it is not unreasonable to assume that they are 
operated in much the same manner and to the same end (to provide conditioned space year 
round for human occupation). It should be noted also that these benchmarks represent 
current building stock consumption median rather than more ambitious targets. 
With all these factors in mind it is evident that while there are some difficulties in obtaining a 
valid benchmark it does appear that the day lodge is an energy intense building with potential 
to reduce energy consumption by 1/3 or more.
Considering the remaining buildings, the snowmaking building appears to have good 
potential for savings while the trails building is already relatively efficient. Both team room 
buildings may offer moderate savings. While no direct benchmarks exist for the biathlon and 
wax buildings, by comparing with EUIs of buildings within the CNC it is evident that the 
biathlon building is relatively efficient and the wax building extremely inefficient. In the case of 
the wax building, while its unique function and design would likely mean it has inherent 
higher energy needs, such a large EUI points to much potential in reducing energy 
consumption.
59Although an EUI comparison can also be used to estimate the savings that could be 
achieved if certain benchmarks are reached, due to the uncertainties involved in this 
particular class of building/operation assigning any figures for cost savings would not be 
advisable in this case.
 4.8  GHG EMISSIONS
The buildings and facilities of the CNC produce 1,297 tonnes eCO2 annually. The breakdown 
by building/facility is shown in figure 4.10. Figures are based on an emissions intensity for 
electricity of 244 kgCO2e/GJ and 52 kgCO2e/GJ for gas
3. 
3 Based on emissions intensity of 880 gCO2e/kWh for electricity generated in Alberta [36]  and 1918 
gCO2e/m
3 for natural gas in Canada [37].
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Figure 4.10 - Annual GHG emission (tonnes CO
2e)
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Trail & street lighting 4.9  ENERGY EFFICIENCY OPPORTUNITIES
During the walkthrough audit process a list of energy efficiency opportunities (EEOs) were 
developed. This list was reviewed with management in an initial review to eliminate ideas that 
were clearly not feasible based on their operational experience. The resulting list of EEOs 
were then analysed with estimates made of potential savings, capital cost and payback 
period. Results of this analysis are shown in tables below. EEOs have been categorised by 
type (HVAC, lighting and auxiliary) and for each EEO further details of the proposal, 
operational/maintenance impacts, the method/assumptions used in the saving calculations 
and other alternative options are provided.
A more detailed breakdown of the EEO analysis can be found in Appendix E. Further details 
of the calculations performed in determining HVAC energy savings can also be found in 
Appendix F.
It should be noted that a number of the HVAC EEO have savings that are interrelated (the 
savings of one EEO will vary depending one whether another is also implemented). The 
savings presented assume that all EEOs will be implemented together. If this were not the 
case individual savings will typically be higher than indicated although overall savings less 
since less EEO have been implemented.
A summary of savings, cost and simple payback periods for the three categories of EEOs is 
shown in table 4.10.
61Category # EEOs Annual energy 
savings
Upfront cost Simple 
payback 
period
Annual GHG 
saving 
(tonnes CO2e)
HVAC 14 $24,800 $10,000 0.4 258
Lighting 13 $3,000 $7,200 2.4 31
Auxiliary 11 $3,600 $5,400 1.5 36
Total 36 $31,400 $22,600 0.7 325
Table 4.10 - EEOs overview
 4.9.1  HVAC EEOS
Table 4.11 summarises the HVAC EEOs.
# EEO Description Annual savings  Upfront 
cost
Simple 
payback 
period
Gas Electricity Value
GJ GJ $ $ years
Daylodge
1 Install thermostat for unit heater in main 
mechanical room (UH-1) 
34 1.8 $200 $500 2.4
2 Turn off exhaust fans when building 
unoccupied
699 24 $4,000 $0 0
3 Nighttime setback 730 0 $3,600 $0 0
4 Reduce ambient from 21ºC to 20ºC  91 0 $450 $0 0
5 Reduced outdoor air ventilation (AS-1) 389 0 $1900 $0 0
Maintenance building - Snowmaking
6 Nighttime setback 112 0 $550 $300 0.5
Maintenance building - Trails
7 Nighttime setback 105 0 $510 $200 0.4
Cross country team rooms
8 Nighttime setback on bathroom furnace 
heater
24 0 $120 $0 0
9 Extend gas furnace heating to all rooms -273 201 $3,300 $5,000 1.5
Biathlon team rooms
6210 Nighttime setback on bathroom furnace 
heater
27 0 $130 $0 0
11 Extend gas furnace heating to all rooms -136 101 $1,700 $4,000 2.3
Biathlon building
12 Setback temp in building when not 
occupied
71 0 $330 $100 0.3
Wax building
13 Ensure default occupancy setting is 
unoccupied mode
624 45 $4,000 $0 0
14 No ventilation/heating in wax rooms 
when building unoccupied
481 72 $4,000 $0 0
Total 2978 445 $24,790 $10,100 0.4
Table 4.11 - HVAC EEOs
EEO #1 - Install thermostat for unit heater in main mechanical room (UH-1)
Description: The unit heater in the main (south) mechanical room is currently not integrated 
into the BMS. A manual switch is used to turn the heater on/off and management indicated 
this was left on continuously during the winter months. The temperature in this room was 
around 30ºC on inspection, much higher than needed. The two main heating boilers and two 
DHW boilers are located in this room so very little extra space heating should be needed. By 
simply adding a temperature sensor and a relay control switch to the current BMS system the 
heater could be controlled such that the room is kept at a more reasonable 20ºC and thus 
save on excessive heating.
Savings: 
Gas Electricity Demand Total Capital cost Payback
$170 $40 $0 $210 $500 2.4
Maintenance/operational impact: Less frequent use of the heater will extend the useful life of 
this heater in particular the fan. The room will also be more comfortable for occupants.
63Estimate method: Based on heating capacity of unit heater obtained from documentation 
current operation of 5 months per year and anticipated operating hours as per unit heater in 
the northern mechanical room (which is integrated with BMS).
EEO #2 - Turn off exhaust fans when building unoccupied
Description: During a review of BMS operation it was found that bathroom exhaust fans EF-
1, EF-2, EF-3, EF-7 and EF-9 were operating continuously 24 hour per day. By simply 
changing the scheduling of these fans to operate only during times when the building is 
occupied, significant savings could be made particularly savings related to the heating of 
associated makeup air.
Savings: 
Gas Electricity Demand Total Capital cost Payback
$3400 $560 $30 $4000 $0 0
Maintenance/operational impact: Change made easily through BMS settings. Less frequent 
use of these fans will extend their useful life. Less demand for makeup heating will also 
increase lifetime of associated equipment.
Estimate method: Based on occupied schedule 10 hours per day. The majority of savings are 
related to reducing heating of associated make up air requirements, however this reduction 
would be contingent on also adjusting the minimum outside air requirements to AS-1 (EEO 
#5). Further savings could also be made if these fans were connected to bathroom 
occupancy sensors (EEO #15). Assume change to BMS can be made by staff internally at no 
cost.
64EEO #3 - Nighttime setback
Description: Currently the day lodge building operates constantly in occupied mode, with 
temperature setpoints throughout averaging 21ºC. Nighttime setback to unoccupied mode 
was in use previously but is not currently in use due to an incident during a particularly cold 
period that resulted in the freezing of pipes in the north bathrooms and subsequent water 
damage. Setback was in the order of 15ºC at the time. Management had their fingers burnt 
by this incident and have been reluctant to change back to nighttime setback mode since. 
Obviously this issue would remain if setback was introduced however due to zoning of the 
building these bathrooms could be left on a constant setpoint with the remainder of the 
building utilising nighttime setback.
Savings: 
Gas Electricity Demand Total Capital cost Payback
$3600 $0 $0 $3600 $0 0
Maintenance/operational impact: In would also be advisable to investigate the source issue 
with freezing pipes so that setback could also be implemented in these rooms and eliminate 
the risk of a freezing event happening again. The savings above will give a guide into what 
level of investment is worthwhile given the energy savings that can be achieved.
Estimate method: Utilising heating degree days reduction associated with nighttime setback 
for 10 hrs per day. There may also be electrical savings associated with reduced heating 
requirement (particularly with VAV AS-2) however this is difficult to quantify and has not been 
included in this analysis. Assume changes to BMS can be made by staff internally at no cost.
Other options: Further savings could also be made by defaulting to the unoccupied setting in 
the meeting rooms. With only minimal additional effort the further savings could be achieved 
65with staff setting the rooms for occupied in the BMS only when they are actually being used. 
This would be most feasible in the upstairs meeting room and banquet hall which are 
infrequently used.
EEO #4 - Reduce ambient setting from 21ºC to 20ºC
Description: The current average zone temperature is 21ºC. Reducing to 20ºC offers 
acceptable comfort levels with reduced energy consumption.
Savings: 
Gas Electricity Demand Total Capital cost Payback
$450 $0 $0 $450 $0 0
Maintenance/operational impact: Would have no or little effect.
Estimate method: Utilising heating degree days reduction associated with 1 degree reduction 
all year round. Assume change to BMS can be made by staff internally at no cost.
EEO #5 - Reduced outdoor air ventilation (AS-1)
Description: Observations of current minimum outdoor air ventilation setting utilised by the 
BMS indicated that the minimum outdoor air damper setting for AS-1 was 55% (55% outdoor 
air). CO2 reading in return air duct was 225 PPM at the time of observations, well the below 
minimum recommended value of 1000 PPM. The minimum setting is high and points to 
excessive outdoor air and associated heating loads. Reducing outdoor air supply to 25% 
would save considerably in heating costs. It is also proposed that during unoccupied periods 
the BMS is adjusted so that no outdoor ventilation is provided.
66Savings: 
Gas Electricity Demand Total Capital cost Payback
$1900 $0 $0 $1000 $0 0
Maintenance/operational impact: May need to review minimum airflow requirement for the 
building to ensure building code compliance. This would involve calling in a building 
consultant which has not been factored in to the cost.
Estimate method: Based on reduction from 55% to 25% outside air, using airflow (from air 
balance report) of AS-1 and assuming minimum outdoor airflow equal to exhaust air 
requirements (sum of EF-1, 2 & 3) during occupied period and equal to 25% during 
unoccupied periods. This is a relatively rough estimate based on known data. A better 
estimate could be made if actual outdoor air flow rate were measured by an air balance test. 
Assume change to BMS can be made by staff internally at no cost.
Other options: Because of a variable nature of occupancy in the building a demand 
controlled system would offer even deeper savings. This would involve the installation CO
2 
meters at key locations throughout the building and integration into the BMS. Implementation 
cost would be higher but so too would savings. Also consideration should be given to turning 
off all outdoor ventilation when the building is unoccupied (also a low cost option as it can be 
achieved through simple BMS setting changes).
EEO #6,7,8,10,12 – Nighttime setback
Description: Currently neither the maintenance, cross country & biathlon team room nor 
biathlon competition buildings operate under nighttime setback. This could easily be 
achieved with the installation of programmable thermostats where required or by simply 
utilising the programmable thermostats where they are already installed but operating at a 
67fixed set-point. A setback temperature of 15 ºC would be appropriate.
Savings: 
Building Gas Capital cost Payback
Maintenance – Snowmaking $550 $300 0.5
Maintenance – Trails $510 $200 0.4
Cross-country team rooms $110 $0 0
Biathlon team rooms $130 $0 0
Biathlon competition $330 $100 0.3
Total $1,630 $600 0.5
Maintenance/operational impact: Some thermostats may need to be reprogrammed when 
building occupancy changes during the year.
Estimate method: By correlating the daily gas meter readings with HDD for that day a 
GJ/HDD metric was determined for each building. This was then associated with the HDD 
reduction due to a nighttime setback to 15 ºC to determine the annual energy savings. 
Installed thermostat cost assumed to be $100 per unit ($25 thermostat and 1 hour labour at 
$75/hr). Team room buildings will simply require programming of thermostats already 
installed.
EEO #9,11 – Extend gas furnace heating to all team rooms
Description: Both cross country and biathlon team rooms have the bathrooms areas heated 
with a 110 MBH gas furnace while individual rooms are heated via 7.5 kW electric unit heater. 
Heating using electric radiant heaters is extremely expensive and given that the gas furnace 
in both cases is of a sufficient size to heat the entire building, extending the ductwork to the 
individual rooms would be a relatively inexpensive method of reducing heating costs. The 
strategy would involve providing a base level of heat using the furnace with occupants being 
able to provide any additional heating requirement via the existing unit heaters. Gas 
68consumption would be increased but electricity consumption could decrease significantly.
Savings: 
Building Gas Electricity Total Capital cost Payback
Cross country -$1,400 $4,700 $3,300 $5,000 1.5
Biathlon -$600 $2,300 $1,700 $4,000 2.3
Total -$2,000 $7,000 $5,000 $9,000 1.8
Maintenance/operational impact: All rooms would be provided with a base level of heating 
which could not be controlled by occupants.
Estimate method: Since there were no records of the current building electricity consumption 
the team room heating energy consumption was estimated based on the know gas 
consumption for heating of the bathroom area adjusted for the area of proposed change and 
taking into account heater efficiencies (furnace 80%, electric 100%), and condition space 
temperature differences (bathrooms 20ºC, team rooms 14ºC). The savings were then 
calculated based on the differences in supplying this heat energy from gas rather than 
electricity. It should be noted that although this is the best estimate available based on the 
known information, if this EEO was implemented it would be advisable to monitor actual 
electricity consumption during a winter period in order to check that electricity consumption is 
as high as estimated before continuing. It would also be advisable to check the concept and 
the costings with a mechanical contractor to ensure it was practically feasible and to obtain 
more accurate estimates of capital costs. Capital cost were based on estimates provided by 
a mechanical contractor based on a verbal description of the concept.
EEO #13 – Ensure default occupancy setting is unoccupied mode in wax building
Description: On initial observation of the BMS for the wax building it was found that of the 24 
rooms, 20 were set to occupied mode with only 4 unoccupied. This was despite all rooms 
69and sensors indicating that the rooms were unoccupied. Occupancy appears to be controlled 
by both a manual setting in the BMS and occupancy sensor control in the building. The 
manual settings were those that indicated occupied. Due to the very high airflows and 
therefore heating needs in occupied mode a significant saving is associated with simple 
ensuring the rooms are set to unoccupied in the BMS. (Note that this EEO was implemented 
at the time since it was such a large energy consumer and simply involved changing settings 
in the BMS).
Savings: 
Gas Electricity Demand Total Capital cost Payback
$2,900 $1,000 $30 $4000 $0 0
Maintenance/operational impact: It may be useful to monitor the occupancy settings initially 
to ensure they stay as set as it seems unusual that such a large number of rooms were set to 
occupied and perhaps there is bug in the system (although it may be equally likely that they 
were left this way inadvertently). It would also be advisable to monitor the BMS settings 
ongoing periodically.
Estimate method: Energy savings are due to reduced loads in exhaust and supply fans and 
the reduced heating requirement in makeup air. In both cases the basis of the calculation 
was the reduced airflow requirement in exhaust and supply fans associated with changing 
the room from occupied to unoccupied states. Airflow rates were sourced from an air balance 
report conducted when the building was constructed. Heating savings were calculated based 
on the reduced flow rate, HDD, thermodynamic properties of air and furnace efficiency. Fan 
savings were based on the know flow rates and power consumption at full load (obtained 
from air balance report) and the anticipated reduction in exhaust and supply airflows.
 
70EEO #14 – No ventilation/heating in wax rooms when building unoccupied
Description: Significant further savings can be achieved in the wax building if all heating and 
ventilation was shut off to all rooms in the wax building (except the bathrooms and 4 public 
use rooms). Since the remainder of the rooms are only used during events (which occur very 
infrequently) and the rooms contain no services that need heating or ventilation there is no 
need to heat these rooms continuously. Heating and ventilation of the bathrooms  and 
mechanical room would remain in order to prevent mechanical equipment from freezing. 
Four rooms that are open to the public would also have their heating/ventilation retained.
Savings: 
Gas Electricity Demand Total Capital cost Payback
$2,200 $1,700 $40 $4000 $0 0
Maintenance/operational impact: Since there is such a large change in heating and 
ventilation supplied to the building it would be a good idea to monitor the building closely 
immediately after this EEO is implemented.
Estimate method: The same method as EEO #15 was used. Occupancy rates for the wax 
building is assumed to be approximately 40 days a year. This is a conservative estimate and 
likely to be lower in reality.
 4.9.2  LIGHTING EEOS
Lighting EEOS are listed in table 4.12 below. Savings related to lengthened times between 
bulb replacements (bulb replacement and labour costs amortised over the life of the lamp ) 
have not been included in calculations for the lighting control EEOs as these costs represent 
relatively small savings (typically <10%) compared with electricity consumption/demand 
71savings.
# EEO Description Annual Saving  Upfront 
Cost
Simple 
Payback 
period
Electricity Value
GJ $ $ years
Daylodge
15 Install proximity sensors in all cafe bathrooms 18.0 $420 $900 2.1
16 No night lighting in kitchen. Rewire. 14.1 $340 $225 0.7
17 No night light in 2
nd floor kitchen. Rewire. 2.9 $70 $75 1.1
18 Install proximity sensor in cafe northwest seating 4.8 $110 $150 1.2
19 No night lighting in 2
nd flr north bathroom. Rewire. 1.1 $50 $150 3.0
Maintenance building - Snowmaking
20 Install sensor on 2
nd floor storage/office area 8.9 $200 $150 0.7
21 Replace T12 fluorescents with T8 1.5 $40 $15 0.4
22 Install timer/sensor on refuelling station light 4.7 $110 $250 1.8
Maintenance building - Trails
23 Install sensor on 2
nd floor storage/office area 6.4 $150 $150 1.0
Cross country team rooms
24 Install sensors on bathroom lights 1.7 $40 $150 3.9
Biathlon team rooms
25 Install sensors on bathroom lights 1.7 $40 $150 3.9
26 Retrofit LED exit lights 11.0 $260 $1,800 6.9
27 Retrofit CFLs to all outdoor security lights 51.7 $1,270 $3,100 2.4
Total 129 $3,100 $7,265 2.3
Table 4.12 - Lighting EEOs
EEO #15, 18, 20, 21, 22 & 25 – Installation of occupancy sensors
Description: The installation of occupancy sensors in areas in where occupancy is 
intermittent is an economic way of reducing lighting costs with minimal investment. Areas for 
72which this could be achieved include: all cafe bathroom areas, the cafe north seating area, 
2
nd floor areas in both maintenance buildings and cross-country/biathlon team room building 
bathroom entrances. Switch based sensors are commonly used in bathroom areas and are 
easily retrofitted, while in other areas ceiling mounted sensors are more appropriate.
Savings: 
Building Electricity saving Capital cost Payback
Day lodge cafe bathrooms $420 $900 1.9
Day lodge cafe north area $340 $225 0.7
Snowmaking building 2
nd floor $200 $150 0.7
Trails/maintenance bld 2
nd floor $150 $150 1.0
Cross country/biathlon team room 
bathroom entrances (combined)
$80 $300 3.9
Total $1,190 $1,725 1.5
Maintenance/operational impact: Lamp replacement frequency should decrease in these 
areas due to reduced usage. The effect on building users should be given consideration in 
the main cafe north areas. In the day lodge, having the lighting off in the cafe north area 
(which could be considered 'overflow') may discourage people from actually entering the 
space and activate the lighting, however the large amount of natural light in this area may 
offset this. This aspect should be considered before implementing this EEO.
Estimate method: Savings from occupancy sensor installation is difficult as it relies on an 
estimation of the actual occupancy which is difficult to quantify. In this case team room 
bathroom entrance was estimated to be occupied 20% (of the time when the lights are 
normally on) and all others occupied 50%. These are conservative guesses and it would be 
likely that actual occupancy was significantly less than this which would result in greater 
electricity savings.
73EEO #16, 17, 19, 22  – Rewiring/retrofit to reduce night-lighting
Description: In the day lodge a number of lights are hard wired remain on in areas despite 
light switches being turned off. This night-lighting occurs in the lower and upper kitchen areas 
and the 2
nd floor north toilets. The night-lighting in the kitchen is particularly wasteful with 6 
banks of fluorescents totalling 670W operating all night. There is no real need for this for 
security, safety or otherwise. The wiring would need to be reworked by an electrician in order 
for these lights to be switched off with the rest. Also, a 250W flood light over a fuelling station 
at the maintenance workshop area is permanently on. A simple light sensor or timer should 
be installed to turn this light off during the daytime.
Savings: 
Building Electricity saving Capital cost Payback
Day lodge kitchen lower $330 $325 0.8
Day lodge kitchen upper $70 $75 1.0
Day lodge 2
nd floor toilet $25 $150 5.7
Maintenance area floodlight $110 $250 1.8
Total $535 $800 1.5
Maintenance/operational impact: Maintenance-wise, lamp replacement frequency should 
decrease in these areas due to reduced usage. There should be no operational effect.
Estimate method: Savings from turning off the night lights are based on the corresponding 
reduction in hours of nighttime operation. Cost are based on a labour cost of $75/hr and 
advice from electrician (actual costs are hard to predict without an understanding of the 
actual wiring layout in each situation but this gives a rough idea of the costs involved). 
Floodlighting savings was based on a reduction of usage from 24hrs/day to 12 hrs/day and a 
$250 total installation cost.
74EEO #22, 26, 27 – Replace lighting fixtures 
Description: A number of lighting fixtures can be replaced with more efficient units. Retrofits 
include replacing incandescent exit lights throughout the CNC with LED units, replacing 
metal halide wall mounted outdoor/security lights with CFL units and the replacement of 
several T12 lights with T8s (T - tubular fluorescent lights) in the snowmaking maintenance 
building.
Savings: 
Lighting Electricity saving Capital cost Payback
LED exit light retrofit $260 $1800 6.9
CFL outdoor security light retrofit $1270 $3100 2.4
T12 to T8 replacement $40 $15 0.4
Total $1,570 4915 3.1
Maintenance/operational impact: Lamp replacement frequency should decrease in these 
areas due to reduced usage. There should be no operational effect.
Estimate method: Savings are associated with reduced power consumption and replacement 
frequency of bulbs.
 4.9.3  AUXILIARY LOAD EEOS
Table 4.13 summarises the auxiliary load EEOs.
75# EEO Description  Upfront 
Cost
Simple 
Payback 
period
Electricity Value
GJ $ $ years
Daylodge
28 Turn off photocopier and printers after hours 2.7 $70 $0 0
29 Only turn on laminator when needed 5.3 $120 $0 0
30 Turn off LG flatscreens at outlet when not in use 4.1 $100 $175 1.7
31 Turn off equipment in server room after hours 4.1 $330 $100 0.3
32 Wire heat trace lines on SE corner into system 
rather than into temp sensor
13.6 $160 $400 2.5
Maintenance building - Snowmaking
33 Install vending “vending miser” and delamp 6.0 $140 $250 1.8
34 Install heat tape sensor system rather than 12hr/day 
timer
28.8 $750 $1,500 2.0
Maintenance building - Trails
35 Install heat tape sensor system rather than 12hr/day 
timer
18.7 $490 $1,500 3.1
Biathlon building
36 Turn off LG flatscreen at outlet when not in use 1.3 $35 $0 0
37 Optimise heat trace equipment 22.1 $500 $0 0
Wax building
38 Install heat tape sensor system rather than 12hr/day 
timer
33.0 $860 $1,500 1.7
Total 140 $3,555 $5,425 1.5
Table 4.13 - Auxiliary EEOs
EEO # 28, 29, 30, 31, 33, 36 – Turn off appliances when not in use
Description: A number of appliances are left on when not needed or when switched off, still 
draw standby loads:
Photocopier and printers: The photocopier and printer in the administration office are left on 
76overnight. These can easily be turned off manually upon the last person exiting the building. 
A timer could also be installed if needed.
Laminator: A laminator in the office was observed to be left on during the audit. This 
appliance draws 470W when activated. It should be only turned on when needed.
TVs: The 42” LG flatscreen TVs (x2 in the main cafe area, x1 in Meeting room B and x1 in 
the biathlon building) draw 42 W in standby mode. These should either be unplugged  when 
the rooms are not in use or in the case of the cafe TVs which are mounted high on a wall and 
difficult to reach can have a remote switch located at the outlet. GreenSwitch® 
(https://secure.24x7er.com/estore/greenswitch/index.cfm?) is one company that offers such a 
product consisting of retrofit outlet switches that connect wirelessly with central control 
switch. Insteon® (http://www.insteon.net/plugin-modules.html) offers another solution that 
plugs between the outlet and the appliance and is thus more straightforward to install.
Server room: The server room contains quite a substantial audiovisual system that 
broadcasts media during race events. This equipment is left on continuously drawing 700W 
of power. This equipment could easily be either manually turned off overnight or have a timer 
installed to control operation.
Vending machine: A Vendingmiser® product could be used to control the operation of the 
vending machine (http://www.vendingmiserstore.com/index.php). This device utilises a 
occupancy sensor to turn off lighting and control compressor cycling when they are not 
needed. A number of independent case studies have been published showing energy 
savings with a relatively low payback period [38] and no noticeable impact on product 
storage.
Savings: 
77Appliance Electricity 
saving
Capital cost Payback
Turn off photocopier and printers after hours $70 $0 0
Only turn on laminator when needed $120 $0 0
Turn off LG flatscreens at outlet when not in use $100 $175 1.7
Turn off equipment in server room after hours $330 $100 0.3
Vendingmiser installation $140 $250 1.8
Total $760 $525 0.7
Maintenance/operational impact: Manually turning off certain appliances will need to be 
added to building shutdown tasks. Control equipment will require staff to understand their 
operation and installation.
Estimate method: Energy savings were estimated based on reduced duration of operation 
and known standby power draw. Vendingmiser reduction based on US National Renewable 
Energy Laboratory report [39]. Cost assumed to be $250 installed. Insteon remote switches 
assumed to be 3x $35 plus control switch at 1x $35. Server room cost assumed 4x $25 
power bars.
EEO # 32, 34, 35, 37, 38 – Optimise heat trace (gutter/eves-trough heat tape) equipment
Description: Heat tape equipment draws a significant amount of power when in use. 
Investments to offer smarter control of operation, although considerable, will have a relatively 
quick payback. The following modifications should be made:
Day lodge: The snow sensor that controls operation is currently broken with operation 
controlled manually by activating a switch when snowfall occurs (operates on a 10hr timer). 
Also, the heat tape on the south east corner of the building was never incorporated into the 
master control system and is currently activated by a retrofitted sensor when the temperature 
falls below 0ºC. Since there are significant periods of time when the temperature is below 
zero but there is no snowfall and thus no need for gutter heating, the heat tape is activated 
78needlessly.
Maintenance and wax buildings: The two maintenance buildings and the wax building all 
have heat tape equipment that is controlled by a timer operating 12 hours daily (during winter 
months) rather than utilising snow sensor. Installation of a snow sensor has the potential to 
reduce consumption considerably.
Biathlon building: The biathlon building has a snow sensor installed and operates on a 10 
hour cycle once snow is sensed. A review of operating manuals indicated that 3-5 hours is 
the recommended start point upon installation of the timer. Since heat trace equipment draws 
such a significant amount of power it would seem logical to reduce the cycle time to the 
recommended installation start point and then monitor its performance, only increasing cycle 
time if it is observed that more melting is required. This strategy should be used on 
installation of snow-sensing control on all buildings. Although the savings indicated are for 
the biathlon building only 
Savings: 
Item Electricity 
saving
Capital cost Payback
Connect heat tape in SE corner to control system $160 $400 2.5
Install snow sensor control system
    - Snowmaking building $750 $1500 2.0
    - Maintenance building  $490 $1500 3.1
    - Wax building  $860 $1500 1.7
Reduce cycle time on biathlon building $510 $0 0
Total $2,770 $4,900 1.8
Maintenance/operational impact: Installation of snowmaking sensors will reduce staff 
requirements to manually turn on heat tape. Some adjustment of hold timer based on 
performance during snowfalls will be needed if hold timers are wound back to 5 hrs.
Estimate method:  A reasonable assumption of operation was deemed to be 1 snowfall per 
week, for 5 months of the year with a hold on time of 5 hours at each snowfall. Energy 
79savings are however difficult to predict with any of these EEOs due to the uncertainty 
associated with how often equipment will actually be activated with snow sensors installed. It 
is apparent however, that when activated, heat tape equipment draws a significant amount of 
power and that installation of snow sensors is the most effective way of reducing power 
consumption in this equipment. It should also be noted that the $1500 cost for snow sensor 
control system supply and installation is a rough estimate given by the electrician. Actual cost 
may vary, affecting payback period.
 4.9.4  SNOWMAKING
With over 50% of the energy cost of the CNC associated with snowmaking, the potential for 
savings in this area should be great. At the beginning of the audit process it was hoped that 
analysis of the snowmaking equipment would point to significant energy efficiency 
opportunities in this area. The strategy taken involved reviewing the equipment and operation 
in terms of the recommendations developed in the literature review. Potential opportunities 
reviewed included :
1. Optimising snowmaking activities at appropriate dry-bulb temperatures
2. Repairing water leaks
3. Replacing old compressors
4. Installation of variable frequency drives
5. Reducing compressed air leaks
6. Installation of post compressor air cooling
The outcomes of this review was positive in some respects since many of the 
recommendations were in line with current practices, but it did highlight that a more detailed 
80analysis than was currently feasible would be required in order to gain a better understanding 
of system performance and thus quantify saving opportunities. This would require the use of 
testing equipment that was outside the scope and budget of the current audit.
The findings of the snowmaking at the current level of audit were however useful. In terms of 
the six recommendations listed above, these were:
1. Optimising snowmaking activities at appropriate dry-bulb temperatures - Discussions 
with the snowmaking manager indicated that as a general rule snowmaking was 
conducted using air/water guns at temperature below -5/-6ºC and fan guns below 
-2ºC. Although the recommendation is specific to local weather conditions at the study 
location (Aspen, Colorado) the CNC rule-of-thumb was found to be within the 
boundaries of the recommendation (which was no snowmaking above 0 ºC dry bulb 
temperature).
2. Repairing water leaks – Management indicated that system leaks are flagged by 
observing any drop in pressure in the water distribution system when the pumps are 
not operating. Currently no significant drops are observed.
3. Replacing old compressors – During the audit process the snowmaking compressors 
energy consumption was determined using nameplate ratings / equipment 
specifications and annual operating hours from logs. The nameplate/specified power 
consumptions were also checked against actual power consumption readings taken 
from a digital meter installed on the main electrical control panel. The two values were 
found to be in close agreement. In order to assess the potential energy savings if the 
older of the two compressors was replaced with a newer, more efficient one, the flow 
rate needs to be measured. Unfortunately the flow meter that is currently installed in 
81the system is faulty and could not be relied on. This limited the analysis to estimating 
efficiency using specified equipment ratings (power consumption and output flow rate 
of a new compressor). On this basis it was found that the old compressor was no less 
efficient than the newer one. In reality this is unlikely to be the case as it would be 
reasonable to assume that the old compressor's efficiency had reduced over the 20 
years it has been in operation due to wear and tear. With a lack flow metering 
however it is impossible to quantify this reduction and thus the potential energy 
savings. In the absence of appropriate data using the available metering it would be 
recommended therefore that an air audit be conducted on the compressor system by 
an air audit specialist. This audit could quantify the current efficiency (electricity 
consumed to air produced) of the old and new compressors and thus quantify the 
savings that would be associated with a new compressor installation. It would also 
highlight any other efficiency gains that could be found in the system. This would also 
assist in justifying the investment in a replacement compressor that has already been 
proposed.
4. Installation of variable frequency drives – The current water pumping system 
incorporated VFDs. VFDs would be of little benefit in the compressed air system as it 
currently operates, since the number of snowguns used are matched to full load 
operation of one or two compressors depending on snowmaking needs.
5. Reducing compressed air leaks – Snowmaking operators indicated that system leaks 
are flagged by observing any drop in pressure in the air distribution system when the 
compressors are not operating. Currently the operators have not detected any leaks.
6. Installation of post compressor air cooling – The current air compressor system 
incorporates a two stage air cooling producing air at 3 ºC which is a reasonable for 
82efficient snowmaking.
  
 4.9.5  EEOS ELIMINATED
During the course of the project a number of EEOs were identified that were initially thought 
to have potential but were subsequently eliminated. These are listed in table 4.14.
EEO eliminated Reason
HVAC
Installing a heat recovery 
ventilator on wax building
Due to the very low occupancy of this building, with the 
EEOs proposed implement the additional savings would 
not justify the considerable investment in air-to-air heat 
exchanger.
Heat recovery from compressor 
room to maintenance shop
Any investment would only produce returns over the three 
months of the year the compressors are running.
Install de-stratification ceiling 
fans in team rooms
Very small differentials found between ceiling and floor 
level temperatures
Lighting
Replace T8s with T5
4 or LED 
throughout facility
Additional savings cannot be justified over investment 
required
Replace T12s with T8s in team 
rooms
The very low usage of these lights would result in little 
savings
Replace maintenance building 
high-bay lights with 
switchable/dimmable or LEDs
Simple payback period was found to be in the order of 15 
years for both options
Replace trail/carpark lighting 
with LED fixtures
Currently replacement or retrofit costs produce payback 
periods of >20 years. LED costs may reduce in the future 
to a point where they are viable. Carpark lighting offers the 
most savings as these lights operate year round. 
Significant reductions in costs would need to occur before 
trail lighting retrofits could be justified
Table 4.14 - eliminated EEOs
4 T12, T8 & T5 lights are fluorescent tube lights of increasing efficiency
83 5  CONCLUSIONS
 5.1  AUDIT RECOMMENDATIONS 
1. Implementation of identified EEOs. In total 38 EEOs were identified which have the 
potential to save 714 GJ of electricity and 2978 GJ of gas annually, reducing GHG by 
325 tonnes CO2e, saving $31,400 in energy costs annually. Upfront costs are 
estimated to be $22,600 with a simple payback period of 0.7 years. This represents a 
33% reduction in facility energy consumption, a 25% reduction in GHG emissions and 
a 11% reduction in energy costs. All EEOs offer favourable payback periods and 
should be considered for implementation. If prioritisation was required amongst these 
it would be logical to rank EEOs according to payback period, implementing those 
with the lowest payback period first. A list of EEOs in this order can be found in 
Appendix G.
2. Detailed analysis of compressed air system. A compressed air audit would be 
valuable tool in determining the efficiency of the current compressors and to identify 
possible energy savings opportunities in this area. Although a replacement of the old 
compressor is already slated, and will likely improve the overall system efficiency, 
with such a large investment required the air audit would be beneficial in quantifying 
these savings. It would also assist in identifying other inefficiencies in the compressed 
air system. The very large cost associated with compressed air generation 
($75,000 /year) means even small efficiency gains can have a considerable impact in 
reducing operating costs and is clearly an area that should be investigated further for 
savings.
843. Scheduling of snowmaking. During the winter months the peak electricity rate was 
found to be over 6 times higher than the off-peak rate. Snowmaking should be 
avoided during peak periods (between 4pm and 9pm) where-ever possible, and off-
peak periods between 11pm and 7am should be taken advantage of.
4. Update or implement of HVAC maintenance plan. Staff indicated the current 
maintenance program for HVAC equipment involves replacing filters every 3 months 
and cleaning furnace burners every year. Maintenance on other equipment is 
conducted as any issues arise. While the current strategy is sufficient in terms of 
providing comfort for the building users, it does not focus on ensuring equipment is 
operating as efficiently as possible. A more comprehensive maintenance plan, while 
requiring more effort and cost upfront, will reduce energy costs and increase the 
lifetime of mechanical equipment. Typical maintenance measures include annual: 
checks of all moving equipment (dampers, valves, pumps), combustion tests on 
boilers and furnaces, cleaning of heating/cooling/radiant heating coils and duct 
leakage checks. It would be recommended that development of a plan be included in 
the scope of the recommissioning process (see recommendation #5) as many of 
these issues will be addressed at this time.
5. The installation or repair of gas and electricity meters and ongoing monitoring. 
Metering all buildings individually and monitoring energy consumption would allow the 
effect of energy efficiency measures to be quantified, allow longer term trends to be 
analysed and help identify failures and faults in systems that are easily lost in 
standard billing records.  Buildings that would require new meters include: for gas, the 
two maintenance buildings and the day lodge (currently maintenance buildings, cross 
country team room and day lodge are metered in sum at one meter located in the day 
85lodge), and for electricity, the trails maintenance building and the wax buildings. The 
electricity meters on the cross country and biathlon team room building would need 
repairing or replacing as these are currently faulty. Sub-metering of the kitchen area 
of the day lodge would also facilitate an understanding of the tenants electricity use. If 
subsequently linked to tenant utility bills, this would encourage energy savings in their 
operation. Manual meter recordings should be conducted monthly at a minimum.
Another option would be the installation of an Energy Information System (EIS) which 
would automate the metering of individual buildings and collate recordings in a 
database. An EIS has a number of benefits over manual monitoring. These include 
enabling more intelligent monitoring tools in order to better understand energy 
consumption and effect reduction, the capability of monitoring more parameters that 
can effect energy costs (such as demand) and utilisation of automated systems to 
detect faults in energy consuming equipment that would otherwise go undetected or 
take considerably longer to discover. EIS are also capable of monitoring billing data in 
order to validate the accuracy of the utility's bill. Installation of an EIS would be a 
more expensive option that manual monitoring but can be justified by deeper savings 
on energy costs that it can provide.
6. Recommission day lodge and wax buildings. The number of HVAC related 
efficiency measure identified, and the relative ease that was found in making these 
savings, would indicate that even deeper savings could be found if further 
investigations were made through the recommissioning of the two largest energy 
consuming buildings. Recommissioning typically employs diagnostic monitoring and 
functional testing of all HVAC equipment in order for a thorough understanding of the 
performance of a building to be developed and energy efficiency improvements to be 
identified. Companies operating locally who offer recommissioning services include: 
SES Consulting, Enermodel Engineering, Halsall, Stantec and Verdatech.
86Accurately predicting savings and cost associated with the recommissioning is 
unrealistic due to the large variety of design and operational issues that may be 
observed and potential savings that could be achieved between different buildings. 
However to give an idea of the potential for energy reductions, the findings of a 
survey of recommissioning impacts conducted by the Laurence Berkeley National 
Laboratory (LBNL) [40] give some guide to the potential. Based on metrics found in 
this report the range of savings
5 that may be expected due to recommissioning are as 
follows:
Building Annual savings Capital cost Payback
Day lodge $4000-5000 $3000-4000 0.7
Wax building $1500-2000 $1000-1400 0.7
7. Ongoing replacement of inefficient equipment. Since only 7 years have passed 
since a major overhaul was conducted on CNC buildings most of the mechanical 
equipment has 10-15 years remaining on their useful life. Although in many cases 
more efficient equipment may be available, the additional investment in high 
efficiency equipment cannot be justified against the savings that could be achieved 
over the equipment's remaining lifetime. If replacement of current mechanical 
equipment is required earlier than expected, or additional equipment is required, high 
efficiency equipment should be selected. A financial justification in these cases is 
more favourable as the savings can be related to the incremental cost of high 
efficiency over standard efficiency equipment rather than full replacement cost of 
equipment. On demand hot water systems in team rooms and maintenance buildings, 
high efficiency furnaces and Energy Star® appliances would all be good candidates 
5 Based on three metrics: 9% electrical savings & 36% gas savings, 2.9 $/m
2 saving and 15% energy 
cost savings [40].
87to implement in the future if the opportunity arise.
8. Implement employee awareness program. Although the main office area is vigilant 
in terms of turning off most equipment overnight, during the walkthrough audit it was 
evident that lights and appliances were being left on in other areas. Particular areas 
where savings could be made are in the maintenance buildings and kitchen where 
higher power devices are used. Some components of a successful employee 
awareness program include: clear communication of the reasons conservation is 
being encouraged from senior staff, utilising 'energy champions' in each building or 
area, monitoring of energy-use to provide feedback and encouraging engagement 
through incentives for 'good behaviour' [41].
9. Implement an energy management plan. Many of the above recommendations can 
be tied together in the form of an energy management plan. An energy management 
plan can take on a number of different forms but typically involves the following key 
elements [42]:
• a commitment from management
• appointing staff resources to coordinate the plan
• developing an energy strategy (reduction goals, time-frame, improvement 
budget, use of external expertise)
• conducting an energy audit
• ongoing energy monitoring and evaluation of progress
An energy management plan provides the structure through which ongoing and 
persistent energy savings can be made beyond one-off activities such as an energy 
audit or recommissioning project. Although in this case the energy audit is conducted 
in isolation and preceding other steps, there would be no reason why an energy 
management plan could not be subsequently implemented.
88 5.2  CROSS COUNTRY SKI INDUSTRY ENERGY EFFICIENCY STRATEGIES
Every industry utilises energy in a different manner. Patterns of energy consumption depend 
on the energy services that the industry serves, the technology of the energy consuming 
equipment utilised and typical schedules of operation. These patterns in turn dictate the 
energy efficiency strategies that are most effective. The cross country ski resort industry is no 
exception and both the literature review and the energy audit conducted provide some insight 
into the type of energy efficiency measures that offer the most potential to the wider industry. 
These include:
1. Demand response controls and appropriate scheduling of equipment in 
buildings. Since building usage fluctuates to such a large degree in ski resort 
facilities, one of the greatest potentials exists in simply operating equipment only 
when necessary. Demand control systems are most effective in this regard but where 
this is not feasible or too costly, installation of timers where lacking or simply 
reviewing equipment operating schedule to ensure they match actual usage can also 
offer significant savings. When selecting applications for this strategy, demand 
response control is generally most appropriate where facility use is difficult to predict 
and fixed schedule systems (such as timers) where they are more consistent. For 
lighting, proximity sensors are often a cost effective solution. For HVAC systems a 
number of options exist, these include implementing nighttime setback using 
programmable thermostats, ventilation setback and utilising CO2 sensor to control 
ventilation. Where buildings operate using a BMS, simple attention paid to the 
scheduling such that this principle is adhered to can have considerable savings with 
very little effort or cost involved. If new demand response systems are required they 
can offer considerable savings at a relatively low upfront investment cost. This 
89strategy should also be considered when replacing mechanical equipment that has 
reached the end of its useful life with equipment that incorporates demand respond 
control.
2. Focus on reducing heating loads. Due to the cold climate that ski resorts exist in 
heating loads are relatively high and thus represent a good opportunity for savings. 
Effective strategies include demand control, improvement of building envelope 
insulation levels and the installation of high efficiency equipment. Gas furnaces and 
boilers are far cheaper to operate than electric resistance heaters.
3. Attention to many smaller savings. By paying attention to the many smaller 
efficiency measures that are easily attainable, large overall savings can be made. 
These smaller savings can typically be achieved at relatively low or no cost through 
simple measures such as ensuring auxiliary loads are turned off when not needed 
(either automatically or manually), demand controlled lighting and by using 
appropriate scheduling for HVAC systems.
4. Smart control of building gutter heating (heat tape). When activated heat tape 
draws large amounts of power. Although snow sensing control systems have 
relatively high upfront costs, the savings they can achieve, particularly on larger 
buildings, can be great and the payback period short.
5. Efficiencies in snowmaking systems and operation. Although not all cross country 
ski resorts incorporate snowmaking into their operation, where they do, they 
contribute significantly to electricity consumption. The literature review highlighted a 
number of avenues that should be investigated in reducing snowmaking energy 
consumption including:
90• detecting and eliminating air and water leaks
• the use of VFD controls on water pumps and air compressors
• the selection of high efficiency equipment
• automation of pumping and air compressor controls (particularly in larger 
system) and an emphasis on operating procedures that run equipment at 
efficiency full loads rather than part loads.
• Conducting snow making only at appropriate temperatures
 5.3  KEY ISSUES OF ENERGY AUDITING IN CROSS COUNTRY SKI RESORT 
FACILITIES
Through the process of conducting the CNC energy audit an understanding of some of the 
key issues that apply to energy audits in the industry was developed. The learnings obtained 
during this process are summarised as follows:
• Benchmarking of facilities on an equal basis is difficult. The very small number of 
facilities that exist and the variation that exists between buildings in type and 
operation has resulted in a scarcity of suitable benchmarks. In the case of day lodge 
buildings depending on the facility, usage can vary between winter only use to year 
round, high intensity usage to very low, can include a range of space uses such as 
offices, food services, ski waxing facilities, meeting rooms, or simply be used as a 
heated shelter, and have various building constructions of different ages. Buildings 
such as the wax building are so unique that very few buildings in North America 
would have the same function. While this variability could be overcome if 
comprehensive surveys were conducted over a suitable sample size and with these 
factors taken into account the very limited application of their use means this would 
91be an unlikely endeavour to be undertaken. This means that in the case of cross 
country ski resorts, while benchmarking can be useful in giving a general idea of 
energy consumption, their limitation should be considered when attempting to 
quantify energy efficiency potential. Internal benchmarking (the comparison of  EUIs 
of buildings within a facility) is a better method of identifying high energy consuming 
buildings and thus areas to focus energy efficiency activities.
• Individual metering of buildings can assist greatly in the audit process. The 
ability to measure energy consumption on a building-by-building basis has several 
benefits. By monitoring consumption, poorly performing buildings can be identified 
without the need for more detailed analysis to be conducted. This can focus the 
energy audit on problem areas at an earlier stage in the process without having to go 
to the effort of a walkthrough audit on the entire facility. If a walkthrough audit is 
conducted, metering data is useful in validating total energy consumption estimates 
made. It is also beneficial in checking the efficacy of energy efficiency measures after 
they have been implemented (and the persistence of these over the longer term) and 
is helpful in identifying the causes of unexpected changes in energy consumption due 
to equipment failure or unexpected usage of equipment. For maximum benefit, 
individual building metering and monitoring should be implemented before an audit is 
conducted.
• Facility staff can help reduce costs and effort. An energy audit can be a time 
consuming activity with much of the work involving simply counting equipment such 
as lights and appliances and recording power consumption or monitoring meters. 
Their assistance is an obvious way of reducing the time and cost of professional audit 
services.
92• Investment in monitoring where justified. For the larger or more complex energy 
savings strategies simple methods in determining energy savings based on 
equipment ratings or instantaneous measurements are not sufficient. Ongoing 
monitoring or the use of specialist measurement equipment becomes relevant in 
these cases with the extra effort justified by the potential for greater savings. 
Snowmaking systems in particular justify a more thorough level of analysis.
• Audit during peak usage period of the year. Auditing during the peak winter 
periods is advisable as the highest energy intensity typically occurs during this period 
and inefficient practices identified during this time are likely to have a relatively high 
impact overall.
 5.4  PROJECT SUMMARY
The dissertation aimed to address the primary research question What are the energy 
efficiency measures that can be identified at the Canmore Nordic Centre and how can these 
be applied to the wider cross country ski resort industry? and six related research goals.
A review of literature was conducted in order to place the work in the context. Canadian 
commercial buildings were found to be high energy consumers on a global scale and of the 
buildings in Canada, Albertan buildings the highest energy consumers. In light of this it was 
not surprising to discover that Canadian policy incentives for energy efficiency in commercial 
buildings were generally low and of the provinces, Albertan policies the least generous. 
Globally it was found that energy efficiency in buildings is being highlighted as an important 
issue by a range of international agencies in its potential to reduce greenhouse gas 
emissions. Consideration was also given to the relative effect of improving efficiency in 
existing versus new buildings. Existing building energy efficiency was found to have a larger 
93impact in the short to medium term with new buildings having a longer term impact.
Two case studies of efficiency strategies in similar facilities were presented. Aspen Ski 
Company were found to have implemented a comprehensive energy efficiency strategy over 
a range facilities using a number of techniques. These included building recommissioning, 
installation of building controls, installation of high efficiency equipment, waste heat 
recovering and ongoing monitoring of energy consumption trends. A review of a survey of 
energy efficiency in snowmaking operation of Vermont ski areas highlighted the importance 
of addressing air and water system efficiencies.
The energy audit formed the core of the project. Billing records, manual meter readings and 
walkthrough audit data were used to formulate a picture of energy consumption. Analysis 
revealed high energy consumption in heating, ventilation and snowmaking air compression 
and water pumping. Categorised by building/facility the largest energy consumers were the 
day lodge, snowmaking operations, the wax building, while the greatest end-uses of energy 
were HVAC – gas (heating), HVAC – electricity (ventilation), snowmaking (compressed air) 
and snowmaking water pumping.
38 energy efficiency opportunities were identified which have the potential to reduce energy 
consumption by 3692 GJ annually, saving $31,400 in energy costs and 325 tonnes CO2e per 
year. The facility was found to be relatively inefficient and as such the majority of savings 
could be made by optimising the existing systems at low cost. Estimated capital costs were 
$22,600 with a simple payback period of 0.7 years. Although snowmaking was included in 
the scope of the audit lack of existing metering prevented any detailed analysis of systems. 
In hindsight the inclusion of snowmaking was perhaps too ambitious a goal for this audit and 
highlights the importance of setting reasonable boundaries for an audit relative to the 
resources available.
94Beyond specific energy efficiency measures a number of related recommendations were 
made. These include conducting a detailed compressed air analysis, updating of building 
HVAC maintenance plans, recommissioning of day lodge and wax buildings, ongoing sub-
metering & monitoring and the implementation of an energy management plan. 
Implementation of these additional recommendations will be important if further energy 
reductions are desired.
The learnings obtained during the audit process provided the background to make a number 
of recommendations applicable to the wider cross country ski resort industry. These included 
the use of demand response control for heating and lighting equipment, focusing on heating 
loads generally for savings, smart control of gutter heatings, rigour in analysing many smaller 
savings and improving the efficiency of snowmaking systems. A list of key issues that may 
occur in the auditing of cross country ski resorts was also developed. Findings included 
difficulties in benchmarking of facilities on an equal basis, the potential for sub-metering to 
hasten the audit process and provide checks on walkthrough audit results, the use of facility 
staff to help in the audit process, to audit during peak periods of usage and the trade off 
between additional cost and effort of detailed monitoring against potential for deeper energy 
savings.
Overall the project can be considered successful first attempt at conducting a comprehensive 
commercial energy audit by the author. It has provided valuable learnings for future work in 
the building energy efficiency industry, has assisted in gaining knowledge of the context in 
which this field sits and provided an understanding of the how the findings could be applied 
to the wider industry.
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101APPENDIX A – DESCRIPTION OF BUILDINGS AND SYSTEMS
DAY LODGE
Metering:
Electricity: A meter located within the main mechanical room measures all electricity 
consumed within the building. This meter is not monitored by the utility.
Gas: A gas meter located the main mechanical room measures all gas used in the day lodge 
along with the gas consumed in the two workshop buildings and the cross-country team 
rooms. Gas consumption for the building on its own cannot thus be directly measured.
Heating/cooling:
Heating is provided by three systems. Two modulating 'Futera III' boilers provide hot water to 
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Figure A.1 - Day lodge (source: [5])a heat-exchanger which transfers this energy to a glycol heating loop. This loop provides 
heat to air handling unit 1 (AS-1) and to radiant heaters located throughout the buildings. AS-
1 provides constant air volume air supply through the south end of the building. A second air 
handling unit (AS-2) provides variable air volume heated air to the north end of the building.
AS-2 contains a refrigeration cooling unit that provides cooling to the north end of building. 
The south end of the building has no refrigerated cooling capacity (a free-cooling fan unit is 
located in the upper floor meeting area and air handling units have 'economiser' settings in 
summer to utilise outdoor air for cooling). This setup reflects the very small number of days 
where cooling is required.
A number of networked hydronic united heater also supplies heating to entranceways and an 
independent electric heater heat to the main entrance airlock.
Ventilation:
A number of exhaust fans are located throughout the building to exhaust air from 
bathroom/showers and the kitchen. Two large range-hood exhaust fans in the kitchen are 
interlocked with a makeup air unit (MAU-1) with integrated heater. These two fans are 
operated manually (through switches located in the kitchen) with the remainder being 
controlled by the Building Management System (BMS). Several fans located in the vaulted 
ceiling of the main cafe area are manually operated by staff (switched on when they arrive 
and off when they depart).
Building control:
A 'Reliable Controls' BMS controls the operation of the heating, cooling and ventilation 
systems. Temperatures are zoned throughout the building with base level of heating supplied 
103by the air handling units and adjusted through control of wall mounted hydronic heaters. 
Although the BMS has the capacity to operate the HVAC system in 'occupied' and 
'unoccupied' in general most equipment is operated in occupied mode continuously. This is a 
reflection of both the initial setup of the system by contractors and issues that occurred 
during a particularly cold period which resulted in freezing and bursting of water pipes and 
considerable damage. Nighttime setback to unoccupied settings were eliminated after this 
event. 
Hot water:
Hot water is supplied by two 'A.O. Smith' 270 litre gas water heaters. 
Lighting:
All fluorescent strip lighting was upgraded in the 2005 refit to T8s. Compact Fluorescent 
Lights (CFLs) are used throughout the cafe area. A small number of halogen spot light are 
used for displays. Outdoor lighting is provided by wall mounted metal halide lights.
Auxiliary (and plug-in) loads:
Typical office equipment (computes, faxes, printers, photocopiers) are used in the 
administration area. A number of flatscreen TVs are located throughout the cafe and meeting 
rooms. A server room houses a networked server, the BMS computer and a large networked 
audiovisual system (for broadcasting race information). The employee kitchen contains a 
fridge and microwave. The cafe kitchen contains a significant number of plug-in loads 
including various storage and display fridges, heating units, coffee/hot water machines, 
icemaker, microwave, electric cookers, dishwasher and miscellaneous other kitchen 
equipment. A walk-in fridge and freezer is also included in this category.
104Building usage:
The building is open and staffed 7 days a week all year round with the exception of public 
holidays. Typical administration office hours are 8am to 5:30pm while the building is open to 
the public from 9am to 5:30pm. While the BMS controls HVAC systems automatically, 
lighting, a gas fireplace and ceiling fans are switched on throughout the building manually by 
staff when they arrive and off when they depart. All indoor lighting is manually controlled. 
Lighting in meeting rooms is left off unless being used. Cafe operating hours vary by season. 
At the time of audit they were 8:30am to 4:30am. The kitchen is also used for catered events 
which do not necessarily coincide with general operating hours and are sporadic.
Overall usage of the day lodge is variable. While there is consistent base level of occupancy 
by administration and cafe staff (who are situated in a small portion of the total building area) 
public usage varies considerably. During weekdays public usage is generally low (often only 
a handful of people at any one time), increasing during weekends and during events is very 
high. Likewise, meeting / conference rooms usage fluctuates (2011 booking data showed 
Meeting Room A bookings for 37% of days in the year, Meeting Room B – 16% and Banquet 
Room – 13%. This variability points to energy efficiency potential in strategies that regulate 
energy consumption based on occupancy rather than maximum or scheduled occupancy. 
Seasonally the day lodge is most heavily used in winter when both recreational use and race 
events are highest. Summer use is lower as many facility users remain outdoors. There are 
however a number of summer race events and meeting / function room events for which the 
building has higher usage. Shoulder or in-between seasons have the lowest usage with 
neither skiing nor summer related activities being possible.
105MAINTENANCE BUILDINGS
Metering:
Electricity: A new digital meter was installed during the installation of a new compressor in 
2008. It was assumed this recorded consumption for both maintenance buildings. Although 
this could not be absolutely verified, the magnitude of instantaneous power draw during 
periods when the compressor was off, indicated this was likely. This meter is not monitored 
by the utility.
Gas: No gas meters are installed on either buildings. Gas consumption is metered at the day 
lodge building (combined consumption of day lodge, maintenance buildings and cross 
country team rooms)
Heating:
The office/staff area of the snowmaking building is heated with a gas fired residential forced 
air furnace utilising a non-programmable thermostat. The remaining maintenance areas of 
both buildings are heated with radiant gas 'strip' heaters mounted under the ceiling. These 
are controlled by non-programmable thermostats. Ceiling fans in both buildings provide de-
stratification. No cooling equipment is used.
Ventilation:
Bathroom area of the buildings are ventilated using standard exhaust fans. Both buildings 
have bay areas ventilated through automated, CO
2 sensing, exhaust ventilators. Staff 
indicated these activated very infrequently.
106Hot water:
The snowmaking building contains two 'A.O. Smith' 270 litre gas water heaters, one is 
plumbed to the staff bathroom/kitchen area and one to the workshop area. The workshop 
area DHW unit seems oversized for the application as this supplies hot water to just a single 
outlet.
Lighting:
All office/storage areas and some maintenance areas are lit with T8 fluorescent strip lights. 
Most maintenance areas are lit with metal halide bay lights. These are all manually operated. 
A number of high pressure sodium flood lights light outdoor areas. These are operated on a 
timer during nighttime. One fuel filling station is lit 24hrs/day with no timer.
Auxiliary (and plug-in) loads:
Both buildings have office areas containing computers / printers. The snowmaking building 
contains a fridge and microwave. Numerous electric tools are used in the maintenance 
areas. Energy consumption from these is hard to quantify due to sporadic use and has been 
ignored in this analysis as it will be relatively minor in comparison with overall electricity 
consumption. Snowmaking equipment is covered separately below. Heat trace tape (gutter 
and roof heaters) is installed on the roof/gutters and activated via a timer, 12 hrs/day during 
the winter months (approximately 5 months per year).
Building usage:
The snowmaking building is occupied 24 hours per day during the snowmaking months 
(November through January). From February until April the building is used approximately 18 
107hours per day and at all other times 8.5 hours per day. The maintenance/trail crew building is 
occupied 8.5 hours per day all year round. Lighting is turned off by staff when the buildings 
are unoccupied but most other equipment remains on.
CROSS-COUNTRY AND BIATHLON TEAM ROOMS
The cross country and biathlon team room buildings are of the same design and 
construction. Both buildings consist of central area containing two bathrooms and 
mechanical / janitorial rooms and a number of leased 'team rooms'. The biathlon building has 
4 team rooms and the cross-country building 8.
Metering: 
Electricity: Both buildings have electricity meters installed however neither was found to be 
operating correctly. Neither is monitored by the utility.
Gas: Both buildings have gas meters installed and operating. The cross country team room 
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Figure A.2 - Cross country team room (source: [5])meter is not monitored by the utility while the biathlon building is (and billed separately).
Heating/cooling:
Heating of the central bathroom area is provided by a 110,000 Btu/hr 'Lennox' residential 
forced air furnace with a programmable thermostat set to a constant temperature. This 
furnace is significantly oversized for the conditioned area (43.3 m
2) whereas the size of the 
furnace is suitable for a large house. Individual team rooms are heating with a single 'Stelpro' 
7.5kW unit heaters mounted high on the rear wall (8 in the cross country team room building, 
4 in the biathlon). These are controlled by dial-operated thermostat located on the side of the 
unit. No cooling is provided.
Ventilation:
Bathroom areas are ventilated with exhaust fans linked to light switches. Team rooms are not 
ventilated.
Hot water:
Hot water is supplied by an 'A.O. Smith' 250 litre gas water heater. This supplies hot water to 
only four hand basins and one janitors basin. It is significantly oversized for the application.
Lighting:
All areas are lit with T12 fluorescent strip lights. Teams rooms lighting is operated by room 
users, bathroom indoor entrance lights are left on continuously. Outdoor lighting is provided 
by a mix of metal halide and fluorescent lights operated on lighting sensors. 
109Auxiliary (and plug-in) loads:
Team room occupants use a variety of equipment, most commonly for waxing skis. Several 
large ski tuning machines are located in a number of the rooms. Energy consumption due to 
this equipment has not been quantified due to difficulties in estimating consumption. In any 
case, efficiency strategies for this equipment would be outside the scope of this report and 
relatively minor in terms of overall facility usage.
Building usage:
Team rooms are used most heavily in winter with relatively little summer activity. Each 
building has two bathroom areas. One is left open all year round and 24/7, the other is only 
opened during events.
BIATHLON BUILDING
Metering: 
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Figure A.3 - Biathlon building (source: [5])Electricity: A meter is located within the main mechanical room. This meter is not monitored 
by the utility.
Gas: A gas meter is located on the building. This meter is monitored by the utility and billed 
separately.
Heating/cooling:
Base building heating is provided by an 'Engineered Air' forced air furnace operated on non-
programmable thermostat. 3 unit heaters with manual thermostats provide heating to 
entranceways. These are turned off unless the building is being used. No cooling is provided.
Ventilation:
Bathrooms are ventilated via exhaust fans linked to light switches.
Hot water:
Hot water is supplied by a single 38 litre 'A.O. Smith' electric water heater.
Lighting:
All lighting is T8 fluorescent strip type operated manually. Outdoor lighting is metal halide 
operated on a light sensor.
Auxiliary (and plug-in) loads:
Three TV's are located in the building. Heat trace tape is installed on the roof/gutters and 
activated via a snow sensor.
111Building usage:
The biathlon building is used infrequently (42 days per year in 2011), and mostly during 
winter. The main furnace thermostat is set to 20 ºC when not in use and slightly higher when 
used. Unit heaters are turned off when building is not in use. All lights are turned off when the 
building is not used.
WAX BUILDING
Metering:
Electricity: No metering exists for this building.
Gas: A gas meter is located on the building. This meter is monitored by the utility and billed 
individually.
Heating/cooling/ventilation:
This building incorporates a unique HVAC system designed to accommodate its use for ski 
waxing. This requirement leads to a system that supplies 100% outside air for heating. All 
heat is supplied via a central 'Engineered Air' modulating, indirect-fired furnace utilising a 
variable frequency drive (VFD) to supply heated air in variable volume. Exhaust air is exited 
via two centralised VFD controlled exhaust fans. Supply and exhaust air to each room is 
controlled by damper units that control flow based on occupied or unoccupied settings. 
Occupancy is determined via ceiling mounted sensors with groups of 2 to 3 rooms linked to 
the same setting and supply / exhaust circuit. The system is controlled via the same BMS 
system as used in the day lodge.
112CNC management has had considerable difficulties with the operation of this building since it 
was complete in 2005. The basic concept of the HVAC system: exhausting far more air than 
is supplied when occupied results in very cold temperatures inside the rooms, so much so 
that users feel as if they may as well be outside. Compounding this is the fact that the sensor 
system often 'false senses' occupancy causing unneeded ventilation. While attempts have 
been made to rectify this issue through 'tuning' sensor and even replacement of all sensors 
this issue still remains. Due to the essential nature of operation of this building during major 
events, individually controlled electric space heaters have been installed in all rooms as a 
backup.
Hot water:
Hot water is supplied by two 'A.O. Smith' 270 litre gas hot water heaters on a circuit with a 
constant circulation pump operating.
Lighting:
All internal lighting is via T8 fluorescent strip lights controlled via the same occupancy 
sensors used for HVAC control. Outdoor lighting is a mix of metal halide and fluorescent 
operated a manual timer adjusted periodically for night-time hours
Auxiliary (and plug-in) loads:
Heat trace tape is installed on the roof/gutters and activated via timer operating on a daily 12 
hrs cycle during winter months.
Building usage:
113The wax building is used infrequently – only during major ski events during winter. It would 
be estimated that usage would be 20 to 30 days per year. 2-3 rooms are left open for public 
waxing use during winter months.
TRAIL AND CARPARK LIGHTING
All roadways, carparks, the stadium/wax test area and several ski trails are lit by pole 
mounted high pressure sodium lights in a number of different luminaire/light configurations. 
Roadways and car parks are controlled by a light sensor to operate during night-time hours 
all year round. Staff indicated that the stadium/wax test area and ski trails are lit for 
approximately 126 days per year (from winter opening until daylight savings begins) from 
sundown to 9:15pm. Operation is controlled by timers which are adjusted as daylight hours 
change over the ski season (averaging 4.1 hours per day)
Biathlon shooting range targets are lit by fluorescent strip lights. These lights are available 
from 8am to 9:15pm for 6 months of the year, activated via a light sensor.
SNOWMAKING SYSTEM
Components:
The snowmaking system consists of a compressed air system, a water pumping system and 
a piped air and water network which are manually connected to external air/water 
snowmaking guns as demand is desired. Snow is also made via 'fan guns'. Fan guns do not 
utilise centralised air supply, rather they use individual air compressors and a fan (requiring 
114connection to mains power). They allow production of snow under different ambient 
conditions and of a different quality to the centrally supplied external air/water guns.
The compressed air system consists of a older 1600 CFM (cubic feet per minute) 'Joy 
Twistair III' screw compressor (installed during initial facility construction in 1998), a newer 
1330 CFM 'Sullair' screw compressor (installed during facility upgrade in 2007), a desiccant 
air dehumidifier, and two air coolers. The system produces air at a dry bulb temperature of 
3ºC.
The water pumping system was upgraded in 2008 in order to supply the increased water 
requirement of an increased snowmaking area. It consists of two VFD controlled water 
pumps that supply water to the snowmaking system at a set pressure as demand fluctuates 
(according to the number of guns currently operating).
Operation:
The snowmaking season is mainly concentrated in the beginning of the ski season from end 
of October until mid January. A small amount of snow is made later in the season for trail 
'top-up' and the creation of a summer storage pile (to be used in the subsequent ski season 
before weather conditions allow snowmaking).
The snowmaking system is controlled manually by the snowmaking crew and very much 
based on rules-of-thumb / personal experience gained over many year of operation. Due to 
the highly dependent nature of snowmaking on ambient conditions, a network of weather 
stations transmits data to a snowmaking building to assist with equipment operation and 
adjustment.
Due to the fickle nature of snowmaking and the large combination of different ambient 
115conditions for which adjustment in the snowmaking system has to be made, it is hard to 
quantify any hard-and-fast operating 'rules' (snowmaking is considered as much and 'art' as a 
science). The CNC snowmaking manager did however indicate that the main operating 
parameter for which they adjust equipment is dry bulb temperature, while humidity is also 
important but secondary (more air needed as humidity increases). He indicated that snow is 
made by air/water guns at temperature below -5/-6ºC and fan guns below -2ºC. Also a factor 
was the quality of snow desired (for example 'base' snow made early in the season to build 
volume on the trails can be wetter but surface snow that is skied on should be drier).
Compressor system operation:
Operation of the compressors is manual. Normal operation is to use C-101 (old compressor) 
as primary and bring on C-102 (new compressor) as needed (C-101 has greater capacity). 
The general strategy is to match snowmaking capacity to compressors, ie. maximise guns 
used to compressor capacity and generally either fully utilise the compressor capacity or 
don't run compressor at all. Typical operation would mean starting compressor and waiting 
for the system to come up to operating pressure, start bringing snowmaking guns online, as 
pressure approaches (decreases toward) 600 kPa bring on 2
nd compressor and increase 
number of guns to meet capacity. The system outlet pressure is maintained above 600 kPA 
(by manual observations) in order to maintain old compressor oil separator (if it goes under 
excessive oil becomes mixed with the air). The snowmaking manager indicated that air/water 
guns actually need 4-500 kPA to operate although he has no direct experience with their 
performance at lower pressures.
The snowmaking crew have approximately 24 air/water guns. C-101 can operate 15 to 17 
guns and C-102 10 to 12.
Water system operation:
116Water pumps are automatically modulated by VFD to maintain set pressure in the system. 
Maximum water supply rate is the only operational consideration in snowmaking system.
117APPENDIX B – UTILITY BILLING DATA
Table B.1 - Utility billing data: Main meter
Consumption Demand Rates Distribution Total
Total Total cost
kWh kWh kWh kWh kWh kWh kWh kW kW $ c/kWh c/kWh c/kWh c/kWh c/kWh c/kWhc/kWh $ $/kW $ c/kWh
Aug 09 0 0 0 17029 14839 15352 47220 793.0 110.9 2296.3 $2,296
Sep 09 0 0 0 19464 13753 15159 48376 793.0 859.1 4391.6 $4,392
Oct 09 0 0 33265 0 24100 24860 82225 802.4 879.1 4203.6 $4,204
Nov 09 15886 28999 0 0 45156 59171 149212 840.8 910.7 8964.0 $8,964
Dec 09 51801 80184 0 0 95688 115242 342915 793.0 449.1 25438.3 $25,438
Jan 10 20089 27328 0 0 31888 36935 116240 793.0 197.4 6740.1 $6,740
Feb 10 0 0 27970 0 21489 19055 68514 793.0 156.9 4073.9 $4,074
Mar 10 0 0 27469 0 17372 18949 63790 793.0 148.0 3212.3 4.9 3.4 2.3 3.8 $3,212
Apr 10 0 0 0 18843 15647 16505 50995 793.0 102.9 3326.4 7.2 4.6 3.2 5.5 5239.5 6.6 $8,566 16.8
May 10 0 0 0 18047 15534 16346 49927 793.0 97.8 7927.6 24.0 13.2 3.8 15.9 13333.3 16.8 $21,261 42.6
Jun 10 0 0 0 19036 11998 15151 46185 793.0 117.7 3448.1 8.4 7.0 2.3 6.2 8672.8 10.9 $12,121 26.2
Jul 10 0 0 0 17247 14524 15276 47047 793.0 87.2 2595.5 6.5 3.4 2.2 4.7 5844.8 7.4 $8,440 17.9
Aug 10 0 0 0 16928 13303 14849 45080 793.0 98.7 2403.7 5833.3 7.4 $8,237 18.3
Sep 10 0 0 0 18554 13271 15002 46827 793.0 334.0 1967.9 3.6 2.9 2.0 3.0 5663.7 7.1 $7,632 16.3
Oct 10 0 0 21521 0 16940 17781 56242 826.8 900.3 2534.8 3.9 3.1 2.4 3.3 6742.7 8.2 $9,277 16.5
Nov 10 42715 64722 0 0 85624 96683 289744 814.4 886.4 20644.5 11.8 5.6 6.0 2.8 6.0 8518.2 10.5 $29,163 10.1
Dec 10 35687 55727 0 0 66042 83076 240532 793.0 505.6 18457.9 17.1 6.8 4.0 2.9 7.3 8272.3 10.4 $26,730 11.1
Jan 11 28868 35398 0 0 44320 39539 148125 793.0 515.8 15846.1 19.4 7.7 8.8 3.2 8.8 6505.7 8.2 $22,352 15.1
Feb 11 0 0 48939 0 32737 32145 113821 793.0 501.6 19448.1 25.5 10.1 4.0 16.4 5773.4 7.3 $25,221 22.2
Mar 11 0 0 41670 0 27663 29681 99014 793.0 159.40 6565.5 7.5 4.0 3.0 5.5 6253.0 7.9 $12,818 12.9
Apr 11 0 0 0 24437 18857 20542 63836 793.0 148.2 4377.4 8.2 4.8 2.5 5.9 6009.8 7.6 $10,387
May 11 0 0 0 24846 18426 21961 65233 793.0 85.8 3101.7 4.2 3.1 1.6 3.2 7339.7 9.3 $10,441 16.0
Jun 11 0 0 0 15124 9342 11853 36319 793.0 - 3848.7 18.3 2.8 1.7 10.8 4728.4 6.0 $8,577 23.6
Jul 11 0 0 0 16580 13551 14457 44589 793.0 - 3413.8 11.9 3.5 1.9 7.5 6629.1 8.4 $10,043 22.5
Aug 11 0 0 0 17239 10806 13720 41765 793.0 - 6407.3 25.1 8.4 2.5 15.5 6610.9 8.3 $13,018 31.2
Sep 11 19039 12527 14468 46033 793.0 - 5149.7 17.3 5.7 2.3 10.9 6434.0 8.1 $11,584 25.2
/day 3,228 $261.9 $216.6 $413
/month 98,190 $7,966 $6,587 $12,555
/year 1,178,277 797 375 $95,598 16.1 6.7 10.4 12.2 5.5 2.6 7.8 $79,047 $99 $150,655 12.8
Billing 
Month
Winter 
high 
peak 
(4pm – 
9pm)
Winter 
peak 
(8am – 
4pm)
Shoulder 
peak 
(8am – 
9pm)
Summer 
peak 
(8am – 
9pm)
Off peak 
(9pm – 
11pm, 
7am – 
9am)
Off peak 
(11pm – 
7am)
Billing 
Demand
Actual 
Demand
Electricity 
Cost
Winter 
high 
peak 
(4pm – 
9pm)
Winter 
peak 
(8am 
– 
4pm)
Should
er 
peak 
(8am – 
9pm)
Summ
er 
peak 
(8am – 
9pm)
Off peak 
(9pm – 
11pm, 
7am – 
8am)
Off 
peak 
(11pm – 
7am)
Daily 
avera
ge 
rate
Distributi
on cost
Distributi
on
Overall 
Rate119
Table B.2 - Utility billing data: Snowmaking pumphouse
Billing month Distribution Total cost
kWh kW $ c/kWh $ $/kW $
Mar 10 1,235 698 75.9 5.7 4,725.3 6.8 4,801.2
Apr 10 1,256 698 74.3 5.5 4,530.8 6.5 4,605.1
May 10 1,524 698 102.8 6.3 4,785.4 6.9 4,888.2
Jun 10 1,621 698 125.3 7.3 4,531.9 6.5 4,657.2
Jul 10 1,074 698 100.1 8.7 4,964.8 7.1 5,064.9
Aug 10 283 698 30.0 8.3 4,960.3 7.1 4,990.2
Sep 10 972 698 71.1 6.7 4,804.3 6.9 4,875.3
Oct 10 6,709 698 370.2 5.4 5,670.5 8.1 6,040.6
Nov 10 83,492 698 4,661.5 5.6 6,060.4 8.7 10,721.9
Dec 10 70,176 698 4,738.8 6.7 6,142.7 8.8 10,881.5
Jan 11 22,050 698 1,671.2 7.6 5,235.4 7.5 6,906.5
Feb 11 7,551 698 678.0 8.9 4,665.1 6.7 5,343.1
Mar 11 2,401 698 174.4 7.0 5,134.3 7.4 5,308.6
Apr 11 1,050 698 128.8 11.7 5,057.0 7.2 5,185.8
May 11 0 698 0.0 0.0 0.0 0.0
Jun 11 386 698 31.7 6.9 4,043.1 5.8 4,074.8
Jul 11 301 698 39.0 10.0 5,649.1 8.1 5,688.2
Aug 11 257 698 42.3 12.9 5,648.8 8.1 5,691.2
Sep 11 500 698 50.2 8.2 5,468.3 7.8 5,518.5
Oct 11 9,263 698 1,153.6 12.4 6,425.6 9.2 7,579.2
/day 535 $34.5 $159.2 $193.7
/month 16,279 $1,051 $4,843 $5,893
/year 195,347 698 $12,607 8.0 $58,111 $83 $70,718
Consum
ption
Billing 
demand
Electricity 
Cost
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rate
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cost
Table B.3 - Utility billing data: Domestic water pumphouse
kWh kW $ c/kWh $ $/kW $
Mar 10
Apr 10 1,081 5.83 66.7 5.5 65.72 11.3 132.4
May 10 1,006 5.60 71.1 6.3 58.08 10.4 129.2
Jun 10 1,263 6.06 102.2 7.3 74.01 12.2 176.2
Jul 10 1,474 5.60 133.8 8.7 69.40 12.4 203.2
Aug 10 1,814 9.36 149.2 8.3 124.91 13.3 274.1
Sep 10 575 5.66 41.8 6.7 50.93 9.0 92.7
Oct 10 773 5.89 49.0 5.4 71.84 12.2 120.8
Nov 10 1,450 6.24 91.7 5.6 81.56 13.1 173.2
Dec 10 1,643 6.91 120.3 5.6 93.40 13.5 213.7
Jan 11 1,186 6.30 96.9 6.7 77.56 12.3 174.5
Feb 11 1,197 5.98 106.79 8.89 94.12 15.7 200.9
Mar 11 1,369 5.97 114.3 7.0 85.53 14.3 199.8
Apr 11 1,105 5.66 122.22 11.65 78.84 13.9 201.1
May 11 1,109 5.79 77.64 6.29 80.05 13.8 157.7
Jun 11 1,217 6.15 99.4 6.9 87.94 14.3 187.3
Jul 11 1,275 9.81 143.2 10.0 126.74 12.9 269.9
Aug 11 1,123 6.12 142.8 12.9 88.98 14.5 231.8
Sep 11 1,148 6.09 115.0 8.2 88.22 14.5 203.2
Oct 11 1,133 6.38 140.8 12.4 97.91 15.3 238.7
/day 40 $3.3 $2.9 $6.2
/month 1,226 $101.0 $87.8 $188.8
/year 14,713 6.39 $1,212 7.9 $1,053 $165 $2,266
Billing 
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costAPPENDIX C – BUILDING AND END-USE BREAKDOWN (WALKTHROUGH BASIS)
Table C.1 - Energy consumption breakdown by end-use and building/facility
Building HVAC DHW Lighting Auxiliary Totals
Elec. Gas Elec. Gas Elec. Elec. Elec. Elec. Gas Elec.
GJ/year GJ/yr GJ/year GJ/yr GJ/yr GJ/yr GJ/yr GJ/yr GJ/yr GJ/yr GJ/yr
Day Lodge 509 2783 0 90 183 263 0 53 2874 1009 3883
Snow making 0 0 0 0 0 0 1268 703 0 1971 1971
Snowmaking building 7 466 0 47 172 59 0 0 512 238 750
Trails/storage building 0 272 0 1 60 25 0 0 273 85 358
401 214 0 14 7 0 0 0 228 408 636
Biathlon team rooms building 202 214 0 14 5 0 0 0 228 207 434
Biathlon building 0 445 4 4 16 46 0 0 449 62 512
Wax building 288 2038 0 29 55 35 0 0 2067 378 2445
Trail & street lighting 0 0 0 0 86 0 0 0 0 86 86
Total 1408 6431 4 199 584 428 1268 756 6631 4121 11074
Snowmak
ing
Water 
pumping
Overall 
Total
Cross country team rooms bldTable C.2 - Energy cost breakdown by end-use and building/facility
Building HVAC DHW Lighting Auxiliary Totals
Elec. Gas Elec. Gas Elec. Elec. Elec. Elec. Gas Elec.
$/yr $/yr $/yr $/yr $/yr $/yr $/yr $/yr $/yr $/yr
Day Lodge 13,345 13,665 0 444 6,730 10,541 0 2,864 14,110 33,480 47,590
Snow making 0 0 0 0 0 0 79,537 73,791 0 153,328 153,328
Snowmaking building 245 2,289 0 229 5,101 2,230 0 0 2,517 7,576 10,093
Trails/storage building 0 1,335 0 7 1,891 896 0 0 1,342 2,787 4,129
15,366 1,049 0 69 674 0 0 0 1,118 16,040 17,159
Biathlon team rooms building 7,743 990 0 65 394 0 0 0 1,056 8,137 9,192
Biathlon building 64 2,005 685 17 762 1,918 0 0 2,022 3,429 5,450
Wax building 8,212 9,481 0 134 2,447 1,347 0 0 9,615 12,006 21,621
Trail & street lighting 0 0 0 0 7,337 0 0 0 0 7,337 7,337
Total $44,975 $30,814 $685 $966 $25,335 $16,933 $79,537 $76,656 $31,780 $244,119 $275,900
Snowmak
ing
Water 
pumping
Overall 
Total
$/yr
Cross country team rooms bldAPPENDIX D – WALKTHROUGH AUDIT DATA
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Table D.1 - Walkthrough audit data: HVAC (part I)
ID Description Air flow EFLH Duty
Spec. Spec. Spec. Est. Est.
CFM MBH HP W W hrs/yr hrs/yr % GJ/year GJ/year
DAY LODGE
Heating
AS-1 Air handling unit – office & admin area 6609 5 3677 4203 8760 132.5
AS-2 Air handling unit – cafe & lounge area 11495 435 10 7355 7358 2576 194.8 844
MUA-1 Makeup air unit – kitchen exhaust 4026 487.2 5 3677 2891 38.3 139
788
UH-1 145.7 0.17 123 144 3650 1.9
UH-1 0.08 61 72 266 0.1
CUH-1 Force flow heater 300 23.2 70 173 876 0.5
CUH-2 Force flow heater 600 10.9 70 173 876 0.5
CUH-3 Force flow heater 300 23.2 70 173 876 0.5
B-1 Boiler #1 450 701 2576 873
B-2 Boiler #2 450 5344 2576 873
Main entrance electrical heater 2000 2000 2576 6.2
Gas fireplace 58 1155 53
Ventilation
EF-1 CS/BQ washroom 947 0.5 368 278 8760 8.8
EF-2 Staff/MB washroom 947 0.17 123 326 8760 10.3
EF-3 947 374 202 8760 6.4
EF-4 Kitchen exhaust 2096 1.5 1103 1298 3679 17.2
EF-5 Kitchen exhaust 2657 1.5 1103 1298 3679 17.2
EF-6 Dishwasher exhaust 682 0.25 184 480 3650 6.3
EF-7 Mens washroom north 867 0.5 368 192 8760 6.1
EF-9 Ladies washroom north 867 0.5 368 307 8760 9.7
F-1 Computer room fan 80 384 8760 12.1
Pumps
P-1 Boiler pump #1 1100 1310 3679 17.3
P-2 Boiler pump #2 1100 1310 3942 18.6
P-4 Glycol pump 215 188 5957 4.0
14510 509 2783
MAINTENANCE BUILDING 1 – SNOWMAKING
Heating
Gas strip heater – new extension 80 2576 155
Gas strip heater – original space 160 2576 311
Furnace 144 1 735 865 2190 2576 6.8 279
EF-1 Exhaust fan
865 7 466
MAINTENANCE BUILDING 2 – STORAGE
Heating
Gas strip heater – parking bay 60 2576 116
Gas strip heater #1 – workshop floor 80 2576 155
Gas strip heater #2 – workshop floor 80 2576 155
272
Heating 
capac.
Rated 
Output 
Power
Input 
power
Hours/
year
Electric
al 
Energy 
Consu
med
Gas 
consum
ed
Unit heater in AS-1 mech room
Unit heater in AS-2 mech room
2
nd floor washroom123
Table D.2 - Walkthrough audit data: HVAC (part II)
ID Description Air flow EFLH Duty
Spec. Spec. Spec. Est. Est.
CFM MBH HP W W hrs/yr hrs/yr % GJ/year GJ/year
CROSS COUNTRY TEAM ROOMS
Heating
F-1 Furnace – Lennox G60UH-48C-110 110 0.5 368 460 2190 2576 3.6 214
60000 60000 2576 397.4
Ventilation
EF-1 Exhaust fan 1 toilet 1 83 0.09
EF-2 Exhaust fan 2 toilet 1 83 0.09
EF-3 Exhaust fan 1 toilet 2 83 0.01
EF-4 Exhaust fan 2 toilet 2 83 0.01
60460 401.2 214
DAY LODGE + MAINTENACE BUILDINGS + CCTR
Total 3734
BIATHLON TEAM ROOMS
Heating
F-1 Furnace – Lennox G60UH-48C-110 110 0.5 368 433 2190 2576 3.4 214
30000 30000 2576 198.7
Ventilation
EF-1 Exhaust fan 1 toilet 1 83 0.09
EF-2 Exhaust fan 2 toilet 1 83 0.09
EF-3 Exhaust fan 1 toilet 2 83 0.01
EF-4 Exhaust fan 2 toilet 2 83 0.01
30433 202.3 214
BIATHLON BUILDING
Heating
F-1 Furnace – Engineered Air XE255/CF/MA/SS 1875 229.5 0.75 552 649 2190 2576 5.1 445
UH-1 Unit heater 13.6 0.5 368 296 3
UH-2 Unit heater 13.6 0.5 368 296 3
UH-3 Unit heater 20.5 0.5 368 ? 0 0
Ventilation
EF-1 Lower floor exhaust fan 83 ?
EF-2 Upper floor toilet exhaust fan 49 ?
EF-3 Upper floor toilet exhaust fan 49 ?
649 11 445
WAX BUILDING
Heating
AS-1 Furnace – Engineered Air DJ100/MV 5300 750 5 3677 3575 8760 2576 86 97.0 2038
2501.32
Ventilation
EF-1 Centrifugal exhaust fan, VFD controlled 10442 2956.8 7.5 5590 4864 8760 56 85.9
EF-2 Centrifugal exhaust fan, VFD controlled 9535 2700 7.5 5590 5404 8760 60 102.3
EF-3 Toilet exhaust fan 901 5656.8 100 488 876 1.5
EF-4 Toilet exhaust fan 901 100 549 876 1.7
14879 288 2038
Heating 
capac.
Rated 
Output 
Power
Input 
power
Hours/
year
Electric
al 
Energy 
Consu
med
Gas 
consum
ed
Electric heaters – Stelpro SHU0783CT
Electric heaters – Stelpro SHU0783CT124
Table D.3 - Walkthrough audit data: Domestic hot water
ID Description
MBH Gallons % Litres GJ deg C deg C GJ/year
DAY LODGE
DHW-1 Gas water heater – A.O. Smith BTRC120 108 71 53 250 11.4 3 50 45
DHW-2 Gas water heater – A.O. Smith BTRC120 108 71 53 250 11.4 3 50 45
Total 90
MAINTENANCE BUILDING 1 – SNOWMAKING
DHW-1 Gas water heater – A.O. Smith BTRC120 108 71 53 142.8 11.4 3 50 31
DHW-2 Gas water heater – A.O. Smith BTRC120 108 71 53 32.8 11.4 3 50 16
Total 47
MAINTENANCE BUILDING 2 – STORAGE
Instantaneous gas heater 180 100 20 0 3 50 1
Total 1.4
CROSS COUNTRY TEAM ROOMS
DHW-1 Gas water heater – A.O. Smith BT-65 58.5 65 53 20 11.4 3 50 14
Total 14.1
BIATHLON TEAM ROOMS
DHW-1 Gas water heater – A.O. Smith BT-65 58.5 65 53 20 11.4 3 50 14
Total 14.1
BIATHLON BUILDING
DHW-1 Electric water heater – A.O. Smith DSE 10 20.5 10 85 10 3 3 50 4
Total 3.8
WAX BUILDING
DHW-1 Gas water heater – A.O. Smith BTRC120 108 71 53 25 11.4 3 45 14
DHW-2 Gas water heater – A.O. Smith BTRC120 108 71 53 25 11.4 3 45 14
P-1 Circulation pump – Wilo-Star BFX 1.4
Total 29
Heating 
capacity
Capa
city
Efficie
ncy 
factor
Daily 
water 
consum
ption
Stand
by 
losse
s
Averag
e inlet 
temp.
Average 
outlet 
temp.
Annual 
energy 
consu
mption125
Table D.4 - Walkthrough audit data: Lighting (part I)
Location
W hrs % kWh W hrs kWh kWh GJ/year
DAY LODGE
Ground Floor
Meeting room A A 9 1152 9.5 37 4.0 0 0 0.0 4.0 5.3
Server room A 2 256 9.5 10 0.2 0 0 0.0 0.2 0.3
Admin hallway C 8 512 9.5 100 4.9 0 0 0.0 4.9 6.4
Event coordinator office A 1 128 9.5 80 1.0 0 0 0.0 1.0 1.3
C 3 192 9.5 80 1.5 0 0 0.0 1.5 1.9
Conservation officer office A 2 256 9.5 25 0.6 0 0 0.0 0.6 0.8
Conservation officer entry E 0.5 36 9.5 0 0.0 0 0 0.0 0.0 0.0
Admin male toilet C 1 64 9.5 10 0.1 0 0 0.0 0.1 0.1
Admin female toilet C 1 64 9.5 10 0.1 0 0 0.0 0.1 0.1
Janitor D 1 80 9.5 100 0.8 0 0 0.0 0.8 1.0
Storage #1 D 2 160 9.5 1 0.0 0 0 0.0 0.0 0.0
Storage #2 D 4 320 9.5 1 0.0 0 0 0.0 0.0 0.0
Mechanical room south D 4 320 9.5 2 0.1 0 0 0.0 0.1 0.1
C 2 128 9.5 5 0.1 0 0 0.0 0.1 0.1
South entry C 1 64 9.5 100 0.6 0 0 0.0 0.6 0.8
Main admin office A 5 640 9.5 100 6.1 0 0 0.0 6.1 8.0
C 1 64 9.5 100 0.6 0 0 0.0 0.6 0.8
Operation managers office A 1 128 9.5 100 1.2 0 0 0.0 1.2 1.6
C 1 64 9.5 100 0.6 0 0 0.0 0.6 0.8
CNC managers office E 6 216 9.5 50 1.0 0 0 0.0 1.0 1.3
Cafe northwest A 6 768 9.5 100 7.3 0 0 0.0 7.3 9.6
E 4 144 9.5 100 1.4 0 0 0.0 1.4 1.8
North toilet entry B 4 384 9.5 100 3.6 0 0 0.0 3.6 4.8
Mens toilet north E 4 144 9.5 100 1.4 0 0 0.0 1.4 1.8
C 3 192 9.5 100 1.8 0 0 0.0 1.8 2.4
Mens showers B 4 384 9.5 100 3.6 0 0 0.0 3.6 4.8
E 4 144 9.5 100 1.4 0 0 0.0 1.4 1.8
C 3 192 9.5 100 1.8 0 0 0.0 1.8 2.4
B 4 384 9.5 100 3.6 0 0 0.0 3.6 4.8
North stairway B 2 192 9.5 100 1.8 0 0 0.0 1.8 2.4
Northwest entrance E 1 36 9.5 100 0.3 0 0 0.0 0.3 0.4
Main cafe/lounge E 21 756 9.5 100 7.2 0 0 0.0 7.2 9.4
F 25 1050 9.5 100 10.0 0 0 0.0 10.0 13.1
G 3 117 9.5 0 0.0 0 0 0.0 0.0 0.0
H 4 50 9.5 100 0.5 0 0 0.0 0.5 0.6
Cafe serving G 9 351 8.0 100 2.8 0 0 0.0 2.8 3.7
E 3 108 8.0 100 0.9 0 0 0.0 0.9 1.1
Kitchen serving B 4 384 8.0 100 3.1 0 0 0.0 3.1 4.0
Kitchen preparation B 7 672 8.0 100 5.4 3 288 16 4.6 10.0 13.1
A 10 1280 8.0 100 10.2 3 384 16 6.1 16.4 21.5
Kitchen store 1 B 2 192 0.0 1 0.0 0 0 0.0 0.0 0.0
Kitchen store 2 B 2 192 0.0 1 0.0 0 0 0.0 0.0 0.0
Kitchen fridge/freezer N 2 80 8.0 100 0.6 0 1 0.0 0.6 0.8
Main mens toilet E 4 144 9.5 100 1.4 0 0 0.0 1.4 1.8
B 6 576 9.5 100 5.5 0 0 0.0 5.5 7.2
Main women's toilet E 4 144 9.5 100 1.4 0 0 0.0 1.4 1.8
B 6 576 9.5 100 5.5 0 0 0.0 5.5 7.2
Main entrance E 2 72 9.5 0 0.0 0 0 0.0 0.0 0.0
West entrance E 2 72 9.5 100 0.7 0 0 0.0 0.7 0.9
Exit signs I 13 195 24.0 100 4.7 0 0 0.0 4.7 6.1
Fixt
ure
# 
Fixtu
res
Total 
rating
Opera
ting 
hours
Dut
y
Day 
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ption
# 
Fixtu
res
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l 
ratin
g
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yearly 
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ption
Kitchen/1
st aid
Womens toilet north
Womens showers126
Table D.5 - Walkthrough audit data: Lighting (part II)
Location
W hrs % kWh W hrs kWh kWh GJ/year
DAYLODGE
Mezzanine F 6 252 9.5 10 0.2 0.0 0.2 0.3
Hallway B 9 864 9.5 13 1.0 2 192 23 4.4 5.4 7.1
A 8 1024 9.5 13 1.2 0.0 1.2 1.6
Kitchen B 4 384 9.5 13 0.5 1 96 23 2.2 2.6 3.5
Kitchen bathroom E 2 72 9.5 13 0.1 0.0 0.1 0.1
North stairway B 1 96 9.5 5 0.0 0.0 0.0 0.1
Banquet hall F 12 504 9.5 13 0.6 0.0 0.6 0.8
E 5 180 9.5 13 0.2 0.0 0.2 0.3
North toilets E 8 288 9.5 13 0.3 2 72 23 1.6 2.0 2.6
C 4 256 9.5 13 0.3 0.0 0.3 0.4
Central stairway B 6 576 9.5 16 0.9 0.0 0.9 1.1
South hallway B 4 384 9.5 16 0.6 0.0 0.6 0.7
South toilets C 2 128 9.5 16 0.2 0.0 0.2 0.2
East stairway B 2 192 9.5 16 0.3 0.0 0.3 0.4
Meeting room B A 15 1920 9.5 16 2.8 0.0 2.8 3.7
Mechanical room C 5 320 9.5 5 0.2 0.0 0.2 0.2
Outdoor
Door lights – metal halide J 0 0 0.0 100 0.0 9 1350 12 16.2 16.2 21.3
Total 22259 2382 183.5
MAINTENANCE BUILDING 1 – SNOWMAKING
Ground floor
Workshop L 15 4350 24.0 51.6 53.9 0 0 0.0 53.9 70.8
C 12 768 24.0 51.6 9.5 0 0 0.0 9.5 12.5
D 3 240 24.0 51.6 3.0 0 0 0.0 3.0 3.9
Storage room C 10 640 24.0 51.6 7.9 0 0 0.0 7.9 10.4
Compressor room C 12 768 24.0 51.6 9.5 0 0 0.0 9.5 12.5
Lunch room B 4.5 432 24.0 51.6 5.3 0 0 0.0 5.3 7.0
Bathrooms C 2 128 24.0 51.6 1.6 0 0 0.0 1.6 2.1
Entrance hall C 2 128 24.0 51.6 1.6 0 0 0.0 1.6 2.1
Office C 5 320 24.0 51.6 4.0 0 0 0.0 4.0 5.2
Exit lights I 6 90 24.0 100 2.2 0 0 0.0 2.2 2.8
Locker room C 8 512 24.0 51.6 6.3 0 0 0.0 6.3 8.3
Office C 9 576 24.0 51.6 7.1 0 0 0.0 7.1 9.4
###
Outdoor
Door lights – florescent K 3 72 12 0.9 0.9 1.1
Door lights – metal halide J 4 600 12 7.2 7.2 9.5
Flood lights R 1 930 12 11.2 11.2 14.7
Filling station light L 0.5 295 24.0 100 7.1 1 0 0.0 7.1 9.3
Total 9247 1602 172.3
Fixt
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Table D.6 - Walkthrough audit data: Lighting (part III)
Location
W hrs % kWh W hrs kWh kWh GJ/year
MAINTENANCE BUILDING 2 – STORAGE
Ground floor
Workshop L 9 2610 8.5 100 22.2 0 0 0.0 22.2 29.2
Parking bay/toilet C 11 704 8.5 100 6.0 1 0 0.0 6.0 7.9
Exit lights I 4 60 24.0 100 1.4 0 0 0 0.0 1.4 1.9
Storage C 12 768 8.5 100 6.5 0 0 0.0 6.5 8.6
Office C 6 384 8.5 100 3.3 0 0 0.0 3.3 4.3
Outdoor
Door lights – florescent K 2 48 12 0.6 0.6 0.8
Door lights – metal halide J 3 450 12 5.4 5.4 7.1
Total 4526 498 59.6
CROSS COUNTRY TEAM ROOMS
Indoor
Team rooms (7 per room, 8 rooms) D 56 4480 8.5 10 3.8 0 0 0 0.0 3.8 5.0
Bathroom entry 1 D 2 160 8.5 100 1.4 0 0 0 0.0 1.4 1.8
Bathroom 1 D 1 80 8.5 10 0.1 0 0 0 0.0 0.1 0.1
Bathroom entry 2 D 2 160 8.5 10 0.1 0 0 0 0.0 0.1 0.2
Bathroom 2 D 1 80 8.5 1 0.0 0 0 0 0.0 0.0 0.0
Outdoor
Door lights – florescent K 1 24 12 0.3 0.3 0.4
Door lights – metal halide J 1 150 12 1.8 1.8 2.4
Total 4960 174 Total 7.1
BIATHLON TEAM ROOMS
Indoor
Team rooms (7 per room, 4 rooms) D 28 2240 8.5 10 1.9 0 0 0 0.0 1.9 2.5
Bathroom entry 1 D 2 160 8.5 100 1.4 0 0 0 0.0 1.4 1.8
Bathroom 1 D 1 80 8.5 10 0.1 0 0 0 0.0 0.1 0.1
Bathroom entry 2 D 2 160 8.5 10 0.1 0 0 0 0.0 0.1 0.2
Bathroom 2 D 1 80 8.5 1 0.0 0 0 0 0.0 0.0 0.0
Outdoor
Door lights – florescent K 1 24 12 0.3 0.3 0.4
Door lights – metal halide J 1 150 12 1.8 1.8 2.4
Total 2720 174 4.6
Fixt
ure
# 
Fixtu
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Table D.7 - Walkthrough audit data: Lighting (part IV)
Location Duty
W hrs % kWh W hrs kWh kWh
BIATHLON BUILDING
Indoor
B 4 384 8.5 12 0.4 0 0 0 0.0 0.4
Ground floor hallway B 2 192 8.5 12 0.2 0 0 0 0.0 0.2
Janitors room C 2 128 8.5 12 0.1 0 0 0 0.0 0.1
Ground floor toilet 1 C 2 128 8.5 12 0.1 0 0 0 0.0 0.1
Ground floor toilet 2 C 2 128 8.5 12 0.1 0 0 0 0.0 0.1
Timing room B 2 192 8.5 12 0.2 0 0 0 0.0 0.2
Meeting room B 4 384 8.5 12 0.4 0 0 0 0.0 0.4
PA room B 2 192 8.5 12 0.2 0 0 0 0.0 0.2
Officials room B 6 576 8.5 12 0.6 0 0 0 0.0 0.6
First floor hallway B 6 576 8.5 12 0.6 0 0 0 0.0 0.6
First floor toilet 1 B 1 96 8.5 12 0.1 0 0 0 0.0 0.1
First floor toilet 2 B 1 96 8.5 12 0.1 0 0 0 0.0 0.1
First floor entrance E 2 72 8.5 12 0.1 0 0 0 0.0 0.1
Exit lights I 6 90 24.0 100 2.2 0 0 0 0.0 2.2
Outdoor
Door lights – metal halide J 4 600 12 7.2 7.2
Total 3234 600
WAX BUILDING
Indoor
Room type 1 (6 of) B 24 2304 8.5 30 5.9 0 0 0 0.0 5.9
Room type 2 (18 of) B 72 6912 8.5 30 17.6 0 0 0 0.0 17.6
Exit lights (24 of) I 24 360 24.0 100 8.6 0 0 0 0.0 8.6
Mens bathroom  E 4 144 8.5 10 0.1 0 0 0 0.0 0.1
C 2 128 8.5 10 0.1 0 0 0 0.0 0.1
Mens locker room B 4 384 8.5 10 0.3 0 0 0 0.0 0.3
Mens showers C 2 128 8.5 10 0.1 0 0 0 0.0 0.1
E 4 144 8.5 10 0.1 0 0 0 0.0 0.1
C 2 128 8.5 10 0.1 0 0 0 0.0 0.1
B 4 384 8.5 10 0.3 0 0 0 0.0 0.3
C 2 128 8.5 10 0.1 0 0 0 0.0 0.1
Outdoor
Door lights – florescent K 3 72 12 0.9 0.9
Door lights – metal halide J 4 600 12 7.2 7.2
Total 11144 672
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Womens bathroom 
Womens locker room
Womens showers129
Table D.8 - Walkthrough audit data: Lighting (part V)
Location Duty
W hrs % kWh W hrs kWh kWh
TRAIL & STREET LIGHTING
Trail
132
Recreational trail loop 1 P 35 84 15960 4.1 22.5
Recreational trail loop 2 P 35 19 3610 4.1 5.1
Biathlon trail loop P 35 29 5510 4.1 7.8
Wax test area Q 35 5 2950 4.1 4.2
Biathlon shooting range R 35 4 3720 4.1 5.2
Tunnels (2 of) M 35 4 200 4.1 0.3
Mass start lighting O 35 13 1183 4.1 1.7
Cross country stadium lighting Q 35 13.5 7965 4.1 11.2
Biathlon target lighting T 50 31 6696 13.3 44.4
Street 171.5 57.9308
Flag row R 90 3 2790 12 30.1
P 90 7 1330 12 14.4
P1, P2 and main road O 90 5 455 12 4.9
P 90 5 950 12 10.3
S 90 4 130 12 1.4
Entrance road P 90 2 380 12 4.1
Total 26 53829 65.2
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Table D.9 - Walkthrough audit data: Auxiliary (part I)
Operating conditions Standby conditions
Location Auxiliary load # Rating Duty
W hrs % kWh W hrs kWh kWh GJ
DAY LODGE
Ground Floor
Meeting room A 42” LG Flatscreen TV  1 240 8 18 0.4 42 23 0.9 1.3 2
Server room Internet 1 139 24 100 3.3 139 0 0.0 3.3 4
Telephone 1 80 24 100 1.9 80 0 0.0 1.9 3
Audio/Video 1 320 24 100 7.7 320 0 0.0 7.7 10
1 175 24 100 4.2 175 0 0.0 4.2 6
Computers 1 353 24 100 8.5 353 0 0.0 8.5 11
Event coordinator office Computer 1 64 8 66 0.3 0 19 0.0 0.3 0
Conservation officer office Computer 1 64 8 33 0.2 0 21 0.0 0.2 0
Fridge 1 0
Main admin office Computers 9 64 9.5 100 5.5 0 15 0.0 5.5 7
Photocopier, printers 1 134 24 100 3.2 115 0 0.0 3.2 4
Laminator 1 476 9.5 100 4.5 0 15 0.0 4.5 6
Interact machine 4 3.5 24 100 0.3 4 0 0.0 0.3 0
Humidifier 1 30 9.5 100 0.3 0 15 0.0 0.3 0
Small monitor 1 100 9.5 100 1.0 0 15 0.0 1.0 1
1 100 24 100 2.4 0 0 0.0 2.4 3
CNC managers office Computer 1 62 9.5 100 0.6 0 15 0.0 0.6 1
1 50 24 100 1.2 0 0 0.0 1.2 2
Cafe northwest LG 42LB50 Flatscreen 2 225 9.5 29 1.2 0 21 0.0 1.2 2
Main cafe/lounge 42” LG Flatscreen TV  2 240 9.5 100 4.6 84 14.5 1.2 5.8 8
Small Tote Vision Flatscreen TV 1 104 9.5 10 0.1 4 23 0.1 0.2 0
Ceiling fans 4 86 9.5 100 3.3 15 0.0 3.3 4
Cafe - entrance Fridge 1 1 181 24 100 4.3 0 0 0.0 4.3 6
Fridge 2 & 3 1 616 24 100 14.8 0 0 0.0 14.8 19
Fridge 4 1 362 25 100 9.1 0 0 0.0 9.1 12
Kitchen Hot chocolate machine 1 229 24 100 5.5 0 0 0.0 5.5 7
Hot water machine 1 71 24 100 1.7 0 0 0.0 1.7 2
1 2.5 2.5 3
Countertop cooler 1 2.5 2.5 3
Fridge/freezer in prep area 1 949 24 100 22.8 0 0 0.0 22.8 30
Dishwasher 1 12346 0.1 33 0.4 0.4 1
Refrigeration Compressors 2 1839 24 50 44.1 0 0 0.0 44.1 58
Condenser fans 2 49 25 50 1.2 0 0 0.0 1.2 2
Evaporator fans 4 49 25 100 4.9 0 0 0.0 4.9 6
Kitchen Fridge 1 188 24 100 4.5 0 0 0.0 4.5 6
Ice maker 1 769 24 100 18.4 0 0 0.0 18.4 24
Banquet hall LG 42LB50 Flatscreen 2 225 8 6 0 0 23 0.0 0.0 0
Meeting room B 42” LG Flatscreen TV  1 240 8 8 0.1 42 23 1.0 1.1 1
Small Tote Vision Flatscreen TV 1 104 8 8 0.1 4 23 0.1 0.2 0
Outdoor
Roof Heat trace (gutter heaters) 1 203 24 33 1.6 16 0.0 1.6 2
1 260 24 33 2.1 16 0.0 2.1 3
1 190 24 33 1.5 16 0.0 1.5 2
1 22368 10 6 13.3 23 0.0 13.3 17
44349 263
MAINTENANCE BUILDING 1 – SNOWMAKING
Upstairs Computers 3 64 8.5 100 1.6 0 16 0.0 1.6 2.1
Downstairs Computers 2 64 8.5 100 1.1 0 16 0.0 1.1 1.4
Washing machines 2 2.9
Fridge 1 2.3
Microwave 2
Ceiling fan 2 86 24 51.6 2.1 2.1 2.8
Compressor 1 3728 24 5 4.5 4.5 5.9
Vending machine 1 8.3 8.3 10.9
Outdoor
Roof Heat trace (gutter heaters) 1 4662 12 42 23.3 23.3 30.6
8604 58.9
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consum
ption
Yearly 
Consum
ption
Comms
Kitchen/1
st aid
Miscallaneous (not measured: VHF radio, radio chargers, security cameras, VHS, muliplexer, scanner)
Miscalaneous (not measured: modem/wireless router, external hard drive, fax machine)
Undercounter fridge
1
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Table D.10 - Walkthrough audit data: Auxiliary (part II)
Operating conditions Standby conditions
Location Auxiliary load #
W hrs % kWh W hrs kWh kWh GJ
MAINTENANCE BUILDING 2 – STORAGE
Workshop & parking bay Ceiling fan 3 86 8.5 100 2.2 0 16 0.0 2.2 2.9
Computers Computers 3 64 8.5 100 1.6 0 16 0.0 1.6 2.1
Outdoor
Roof Heat trace (gutter heaters) 1 3024 12 42 15.1 15.1 19.9
3174 24.9
Consumption from sewerage pumps, workshop equipment, exhaust fans and roller door motors were deemed too minor to consider
CROSS COUNTRY TEAM ROOMS
Total 0.0
BIATHLON TEAM ROOMS
Total 0.0
BIATHLON BUILDING
Indoor
Meeting room 42” LG Flatscreen TV  1 240 8 6 0.1 42 24 1.0 1.1 1
PA room Small Tote Vision Flatscreen TV 1 104 8 6 0.0 4 24 0.1 0.1 0
Officials room Small Tote Vision Flatscreen TV 1 104 8 6 0.0 4 24 0.1 0.1 0
Outdoor
Heat trace (gutter heaters) 1 8064 10 42 33.6 0 20 0.0 33.6 44.2
8512 46.0
WAX BUILDING
Heat trace (gutter heaters) 1 5334 12 42 26.7 0 19 0.0 26.7 35.0
5334 35.0
Ratin
g
Daily 
hrs
Dut
y
Daily 
Consu
mptio
n
Stand
by 
Power
Daily 
hrs
Daily 
Consu
mption
Total 
daily 
consum
ption
Yearly 
Consum
ptionTable D.11 - Walkthrough audit data: Snowmaking
ID Item # Power Power Voltage Phase
HP kW V A % hrs kWh GJ
Compressor
C-101 Old compressor 1 350 267.6 575 313 3 96.2 556 148894 536
GP Glycol pump 1 3 2.8 208? 10.8 3 80 562 1550 6
C-102 New compressor 1 300 229.4 575 272 3 96.2 611 140142 505
Air cooler motor 1 10 8.2 575 11.3 3 90.2 611 4982 18
AC-101 Air cooler 1 (for C-101 glycol loop and post C-101 cooling) 1 5 4.6 575 3 80 557 2560 9
AC-102 Air cooler 2 (post air dryer chiller) 1 5 4.6 575 3 80 895 4114 15
C-101, GP, AC-101, AC-102 (estimated from equipment ratings) 279.5
517.1
C-101, GP, AC-101, AC-102 (measured on meter) 278.2
C-101, GP, C-102, AC-101, AC-102 (measured on meter) 502.9
C-101 (based on measured readings) 266.2 556.4
C-102 (based on measured readings) 224.7 611.0
Total compressors 302243 1088
Fan guns
FG Fan gun compressor 11 5 4.5 82.5 350 17161.6 62
Fan gun fan 11 7.5 6.9 80 350 26546.9 96
Fan gun heater 11 1.6 100 350 6160.0 22
Total fan guns 49869 180
Total 517.1 352,112 1,268
Curr
ent
Effici
ency
Yearly 
hours
Yearly 
Consump
tion
Yearly 
Consum
ption
C-101, GP, C-102, AC-101, AC-102 (estimated from equipment ratings)APPENDIX E – EEO SUMMARIES
Table E.1 - EEO summary: HVAC
# EEO Gas saved Electricity saved
GJ/year $/year GJ/year $/year % W $/year $/year $ Years
1 33.7 $166 1.7 1.8 $41 0.4 100 144 $2 $209 $500 2.4 2.2
2 Turn off exhaust fans when building unoccupied 699 $3,433 36.2 24.0 $561 5.9 100 1600 $27 $4,021 $0 0.0 42.1
3 Nighttime setback 730 $3,586 37.8 0 $3,586 $0 0.0 37.8
4 Reduce ambient from 21 degC to 20. 91 $448 4.7 0 $448 $0 0.0 0.0
5 Reduced AS-1 outdoor air ventilation 389 $1,913 20.2 0 $1,913 $0 0.0 20.2
6 Nighttime setback 112 $549 5.8 0 $549 $300 0.5 5.8
7 Nighttime setback 105 $514 5.4 0 $514 $200 0.4 5.4
8 Nighttime setback on bathroom furnace heater 24 $117 1.2 0 $117 $0 0.0 1.2
9 Extend gas furnace heating to all rooms -273 -$1,340 -14.1 201.4 $4,705 49.2 0 $3,365 $5,000 1.5 35.1
10Nighttime setback on bathroom furnace heater 27 $132 1.4 0 $132 $0 0.0 1.4
11Extend gas furnace heating to all rooms -136 -$633 -7.1 100.7 $2,353 24.6 0 $1,720 $4,000 2.3 17.6
12Setback temp in building when not occupied 71 $329 3.7 0 $329 $100 0.3 3.7
13 624 $2,904 32.3 45 $1,046 10.9 100 1578 $27 $3,977 $0 0.0 43.3
14 481 $2,236 24.9 72 $1,683 17.6 100 2538 $43 $3,963 $0 0.0 42.5
TOTAL $24,844 $10,100 0.4 258
% 
coincid
ent 
peak 
deman
d
Peak 
deman
d 
saved
Annual 
deman
d 
saving
Total 
annual 
saving
Installati
on cost
Simple 
payback 
period
Annual 
GHG 
saving
Ton. 
eCO2
/year
Ton. 
eCO2/
year
Ton. 
eCO2/y
ear
Install thermostat for unit heater (UH-1) in main 
mech room.
Ensure default occupancy setting is unoccupied 
mode (currently most rooms are set to 
'occupied').
No ventilation/heating in wax rooms when 
building unoccupiedTable E.2 - EEO summary: Lighting
# EEO Assumption
GJ/year $/year % W $/year $/year $ years
15 18.0 $420 0 0 $0 $420 $900 1.9 4.4 Consumption is reduced by 50%
16No night lighting in kitchen. Rewire. 14.1 $330 100 672 $11 $342 $225 0.7 3.5 No lights needed after hours
17No night light in upper kitchen. Rewire. 2.9 $67 100 96 $2 $69 $75 1.1 0.7
18 4.8 $112 0 0 $0 $112 $150 1.2 1.2 Actual occupancy is 50%
19 2.2 $50 100 72 $1 $52 $150 2.9 0.5
20 8.9 $207 0 0 $0 $207 $150 0.7 2.2 Actual occupancy is 50%
21Replace T12s with T8s 1.5 $36 100 48 $1 $37 $15 0.4 0.4
22 4.7 $109 100 250 $4 $113 $250 1.8 1.1 Assume on 12hrs/day
23 6.4 $150 0 0 $0 $150 $150 1.0 1.6 Actual occupancy is 50%
24Install sensors on bathroom lights 1.7 $39 0 0 $0 $39 $150 3.9 0.4 Actual occupancy is 20%
25Install sensors on bathroom lights 1.7 $39 0 0 $0 $39 $150 3.9 0.4 Actual occupancy is 20%
26Retrofit LED exit lights 11.0 $256 100 435 $7 $264 $1,813 6.9 2.7
27Retrofit CFL to all outdoor (mandoor) lights 51.7 $1,207 100 3900 $67 $1,273 $3,081 2.4 12.6
TOTAL $3,115 $7,259 2.3 31.6
Electric
ity 
saved
Electricit
y cost 
saving
% 
coincide
nt peak 
demand
Peak 
demand 
saved
Deman
d 
saving
Total 
Electricit
y saving
Capital 
cost
Payba
ck 
period
Annual 
GHG 
saving
Ton. 
eCO2/y
ear
Install proximity lighting sensors in all cafe 
toilets
Install proximity sensor for fluros in cafe 
northwest.
No night lighting in 1
st floor north toilets. 
Rewire.
Install sensor on 2
nd floor storage/office area
Install timer/sensor on refuelling station light 
(currently on 24/7)
Install sensor on 2
nd floor storage/office area
Assume LED's consume 3W as 
opposed to current 15W 
incandescents.
Replace 26 metal halide fixtures 
(150W) with fluroescents (24W)Table E.3 - EEO summary: Auxiliary
# EEO Assumption
$/year % W $/year $/year $ Years
28Turn off photocopier and printers after hours 2.7 $62 100 140 $2 $65 $0 0.0 0.7
29Only turn on laminator only when needed 5.3 $124 0 0 $0 $124 $0 0.0 1.3 Laminator on 1 hr/day not 9.5
30Turn off LG flatscreens at outlet when not in use 4.1 $97 100 210 $4 $100 $175 1.7 1.0
31Turn off equipment in server room after hours 13.6 $318 100 714 $12 $330 $100 0.3 3.3
32 6.4 $148 100 653 $11 $160 $400 2.5 1.6 Assume below zero 4 months year
33Install vending “vending miser” and delamp 6.0 $141 $141 $250 1.8 1.5
34 28.8 $673 100 4662 $80 $753 $1,500 2.0 7.0
35 18.7 $437 100 3024 $52 $488 $1,500 3.1 4.6
36Turn off LG flatscreen at outlet when not in use 1.3 $30 100 42 $1 $31 $0 0.0 0.3
37Optimise heat trace equipment 22.1 $516 0 0 $0 $516 $0 0.0 5.4
38 33.0 $770 100 5334 $91 $861 $1,500 1.7 8.1
TOTAL $3,569 $5,425 1.5 34.7
Electri
city 
saved
Electri
city 
cost 
saving
% 
coinci
dent 
peak 
deman
d
Peak 
demand 
saved
Deman
d 
saving
Total 
Electri
city 
saving
Install
ation 
cost
Simple 
Payback 
Period
Annual 
GHG 
saving
GJ/ye
ar
Ton. 
eCO2/
year
Standby power is ~140W. Unoccupied hrs/day 
= 14.5
 Standby power is 42W. Turn off at outlet when 
room not occupied. Savings = 2 TVs 
off14.5hrs/day, 2 TVs off 22.6 hrs/day and one 
TV off 23.4 hrs/day.
Turn on equipment only during occupied times 
(9.5hrs/day)
Wire heat trace lines on SE corner into system 
rather than into temp sensor
Assume machine used 3.7 kWh/day with 
'Vendingmiser' installed
Install heat trace sensor system rather than 
12hr/day timer
Assume sensor operates 5 hrs/day, 1 day 
week for 5 months of the year.
Install heat trace sensor system rather than 
12hr/day timer
Assume sensor operates 5 hrs/day, 1 day 
week for 5 months of the year.
Standby power is 42W. Turn off at outlet when 
room not occupied.
Set heat trace hold time to 5 hours rather than 
10. Monitor for snow removal performance.
Install heat trace sensor system rather than 
12hr/day timer
Assume sensor operates 5 hrs/day, 1 day 
week for 5 months of the year.APPENDIX F – HVAC EEO CALCULATIONS
EEO #1 Day lodge UH-1 thermostat installation
EEO #2 Day lodge exhaust fan shutdown
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Table F.1 - EEO #1 calculations
# Parameter Value Unit Source
A Entering air temperature 31degC Measured
B Outlet air temperature 40degC Measured
C Inlet water temperature 60degC Measured
D Outlet water temperature 45degC Measured
E Water temperature differential 15degC C – D
F Current annual hrs 3650 hrs/year 24hrs/day for 5 months /year
I Proposed annual hrs 266 hrs/year Annual hrs for UH-1 in mech. Room #2
J Proposed annual hrs reduced 3384 hrs/year F – I
K Estimated heating rate 21.6MBH From product catalogue (Sigma model 058H)
L Conversion factor 0.35 From product catalogue
M Heating rate 7.6 MBH K x J
P Fan power consumption 144 W Nameplate
Q Fan energy saved 1.8 GJ/year J x P x 3.6 / 100000
R Heating power consumption 2.2 kW M x 0.293
S Heat energy saved (of hot water) 27.0GJ/year R x J x 3.6 /1000
T Boiler efficiency 80% Product specification
U Heat energy saved (of gas) 34GJ/year S / T
Table F.2 - EEO #2 calculations
# Parameter Value Unit Source
A Current fan electricity consumption 41.2GJ/year
B Current daily hours of operation 24hrs/day BMS records
C Proposed daily hours of operation 10hrs/day Proposal
D Proposed fan electricity consumption 17.2GJ/year A / B x C
E Demand savings 1600 W Walkthrough audit
F Total fan flow rate 2159 l/s Air balance report
G Sensible heating rate 9381 KJ/h per C F x 4.345
H Annual Heating Degree Days (HDD) 4256 HDD
I Proposed daily hours reduced 14hrs/day B – C
J Annual heat energy saving 559 GJ/year G x H x I / 1000000
K Furnace AFUE 80% Product specification
L Annual gas energy saving 699 GJ/year J / K
Walkthrough audit (sum of 5 fans energy 
consumption)
5473 (annual HDD) – 1217 (equivalent 
HHD reduction for EEO #3&4)EEO #3,4,6,7,8,10,12 Temperature setbacks
Table F.3 - Setback EEO calculations
3 4 6 7 8 10 12 ← EEO
# Parameter Unit Source
A GJ/year 2783 2783 2783 2783 466 272 72 85 99
B Annual Heating Degree Days (HDD) HDD 5473 5473 5473 5473 5473 5473 5473 5473 5473
C Annual gas consumption per HDD GJ/HDD 0.60 0.60 0.60 0.6 0.10 0.07 0.016 0.018 0.043 A / B
D Number of days in heating season days 365 365 365 365 365 365 365 365 365 Assume to be all year round
E Current average indoor temperature deg C 21 21 21 21 22 22 22 22 20 Observations
F Proposed setback temperature deg C 15 20 15 20 15 15 15 15 15 Proposal
G Setback difference deg C 6 1 6 1 7 7 7 7 5 E – F
H Hours per day of setback hrs/day 14 24 14 10 10.5 14 14 14 22 Proposal
I HD equivalent of setback difference 3.5 1.0 3.3 0.4 3.1 4 4 4 5 G / 24 x H
J Reduction in HDD 1278 365 1217 152 1118 1490 1490 1490 1643 I x D
K GJ/year 767 219 730 91 112 104 24 27 71 C x J
Case A – assuming only this EEO implemented
Case B – assuming both other EEO is implemented
Daylodge 
nighttime 
setback – 
Case A
Daylodge 
overall 
setback – 
Case A
Daylodge 
nighttime 
setback – 
Case B
Daylodge 
overall 
setback – 
Case B
Maintena
nce bld 1 
nighttime 
setback
Maintena
nce bld 2 
nighttime 
setback
CCTR 
nighttime 
setback
BTR 
nightt
ime 
setba
ck
BB 
setb
ack
Estimated daylodge gas consumption 
for heating
Walkthrough analysis or meter 
readings
Canadian weather office average for 
Banff (closest weather station)
Gas consumption associated with 
HDD setbackEEO #5 Reduced outdoor air ventilation (Day lodge AS-1)
EEO #10,11 Cross country & biathlon team room building furnace extension to rooms
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Table F.4 - EEO #5 calculations
# Parameter Value Value Units Source
A Current minimum damper setting 55 55% BMS observation
B Proposed minimum damper setting 25 25% Proposed
C AS-1 rated airflow 3119 3119l/s Air balance report
D Current outdoor air flow rate 1715 1715 l/s C x A
E Exhaust airflow requirement 1341 1341 Air balance report (sum EF-1,2,3)
F Proposed outdoor air flow rate 780 780l/s C x B
G 374 936l/s
H Sensible heating rate 1627 4066 H x 4.345
I Annual Heating Degree Days (HDD) 4256 4256 HDD
J Operating hours/day 10.0 14.0hrs/day Observation
K Annual heat energy saving 69.2 242.3 GJ/year H x I x J / 1000000
L Furnace AFUE 80 80% Product specification
M Annual gas energy saving 86.6 302.8 GJ/year K / L
Occupi
ed
Unoccup
ied
Proposed outdoor air flow rate 
reduction
D – E (occupied), D – F 
(unoccupied)
KJ/h per 
C
5473 (annual HDD) – 1217 
(equivalent HHD reduction for 
EEO #3&4)
Table F.5 - EEO #10,11 calculations
CCTR BTR
# Parameter Value Value Unit Source
A Current gas consumption 92.3 92.3GJ/year Meter readings
B Current furnace electricity consumption 3.6 3.6 GJ/year Walkthrough audit analysis
C Area electrical heating 201 100m2 Measurement
D Area of furnace heating 43.4 43.4m2 Measurement
E Gas heating per area 2.1 2.1 GJ/m2 A / D
F Furnace AFUE 80 80% Product specification
G 1.7 1.7 GJ/m2 E x F
H 342 171GJ G x C
I Average room temperature (from observations) 14.6 14.6 Measurement
J Bathroom room temperature 20 20 Measurement
K Temperature difference 5.4 5.4 J – I
L Equivalent HDD reduction 1981 1981 K * 365
M Annual Heating Degree Days (HDD) 5473 5473 GJ/year
N 218 109GJ/year H / M x (M – L)
O Electrical heating per area 1.1 1.1 GJ/m2 N / C
P Furnace electrical heating per area 0.1 0.1 GJ/m2 B / D
Q Electrical heating energy decrease 218 109GJ/year N
R Gas heating energy increase 273 136GJ/year Q / F
S Furnace fan electricity increase 16.8 8.4 GJ/year P x C
Electrical heating per area (based on actual gas 
usage)
Electrical heating energy consumption (based on 
20 deg C setpoint)
Canadian weather office 
average for Banff
Estimated current electricity consumption (based 
on 14.6 temp setpoint)EEO #13,14 Wax building occupancy setting changes
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Table F.6 - EEO #13,14 calculations
Air balance report results
Occupied     Un-Occupied
Room Supply Exhaust Supply Exhaust
001-002 170 160 75 100
001-004 170 175 75 133
005-006 170 113 75 113
007-008-009 255 285 75 217
010-011-012 231 300 75 156
101-102 170 183 75 183
103-104 170 170 75 170
105-106 170 143 75 143
107-108-109 195 243 100 300
110-111-112 195 300 127 160
Mens bathroom 200 100
200 100
TOTAL flow (EF-1 & 2) 2296 2072 1027 1675
Parameter EEO #13 EEO #14 Units Source
Base BMS exhaust airflow 1970 1675 l/s Air balance report. See *
Proposed BMS exhaust airflow 1675 233 l/s
Exhaust airflow reduction 295 1442 l/s N – O
Base BMS supply airflow 1906 1027 l/s
Proposed BMS supply airflow 1027 350 l/s
Supply airflow reduction 879 677 l/s Q – R
Base supply fan power 2724 1468 W
Proposed supply fan power 1468 500 W
Supply fan power reduction 1256 968 W T – U
Base exhaust fan power 2145 1824 W
Proposed exhaust fan power 1824 254 W
Exhaust fan power reduction 321 1570 W W – X
Annual operating hours 7884 7884 hrs/year
Annual fan energy saving 45 72GJ (V + Y) x Z x 3.6 / 1000000
Annual Heating Degree Days (HDD) 5473 5473 HDD Canadian weather office average
Furnace AFUE 80 80% Product specification
Supply gas energy saving 624 481 GJ/year S x 4.325 x AB x 24 / 1000000 / AC
EEO #13: 2072 – 162 – 175 +100 + 133 (assumes all rooms but four are operating in occupied mode)
mode)
Womens bathroom
EEO #13: Total unoccupied mode airflow    
EEO #14: A + B (unoccupied, exhaust)
EEO #13: M – A – B – K – L (occupied, 
supply) + A + B + K  + L (unoccupied, 
supply)                                                                                                                
EEO #14: R
EEO #13: M (unoccupied, supply)                    
EEO #14: A + B + K + L (unoccupied, 
supply)
Rated supply power / rated supply airflow 
* Q
Rated supply power / rated supply airflow 
* R
Rated exhaust power / rated exhaust 
airflow * N
Rated exhaust power / rated exhaust 
airflow * O
8760 (continuous operation) x 90% (time 
when building is not in full use)
EEO #14: Proposed flow exhaust flow rate of EEO#13 (ie. assumes rooms normally operated in unoccupiedAPPENDIX G – EEOS BY PAYBACK PERIOD
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Table G.1 - EEO list in order of increasing payback period
Description
2 Turn off exhaust fans when building unoccupied $4,000 $0 0
3 Nighttime setback $3,600 $0 0
4 $450 $0 0
5 Reduced outdoor air ventilation (AS-1) $1,900 $0 0
8 Nighttime setback on bathroom furnace heater $120 $0 0
10 Nighttime setback on bathroom furnace heater $130 $0 0
13 Ensure default occupancy setting is unoccupied mode $4,000 $0 0
14 $4,000 $0 0
28 Turn off photocopier and printers after hours $70 $0 0
29 Only turn on laminator when needed $120 $0 0
36 Turn off LG flatscreen at outlet when not in use $35 $0 0
37 Optimise heat trace equipment $500 $0 0
12 Setback temp in building when not occupied $330 $100 0.3
31 Turn off equipment in server room after hours $330 $100 0.3
7 Nighttime setback $510 $200 0.4
21 Replace T12 fluorescents with T8 $40 $15 0.4
6 Nighttime setback $550 $300 0.5
16 No night lighting in kitchen. Rewire. $340 $225 0.7
20 $200 $150 0.7
23 $150 $150 1
17 $70 $75 1.1
18 $110 $150 1.2
9 Extend gas furnace heating to all rooms $3,300 $5,000 1.5
30 $100 $175 1.7
38 $860 $1,500 1.7
22 Install timer/sensor on refuelling station light $110 $250 1.8
33 $140 $250 1.8
34 $750 $1,500 2
15 Install proximity sensors in all cafe bathrooms $420 $900 2.1
11 Extend gas furnace heating to all rooms $1,700 $4,000 2.3
1 $200 $500 2.4
27 Retrofit CFLs to all outdoor security lights $1,270 $3,100 2.4
32 $160 $400 2.5
19 $50 $150 3
35 $490 $1,500 3.1
24 Install sensors on bathroom lights $40 $150 3.9
25 Install sensors on bathroom lights $40 $150 3.9
26 Retrofit LED exit lights $260 $1,800 6.9
EEO 
#
Annual 
savings
Impleme
ntation 
cost
Simple 
payback 
period
Reduce ambient from 21ºC to 20ºC 
No ventilation/heating in wax rooms when building 
unoccupied
Install sensor on second floor storage/office area
Install sensor on second floor storage/office area
No night light in second floor kitchen. Rewire.
Install proximity sensor in cafe northwest seating
Turn off LG flatscreens at outlet when not in use
Install heat tape sensor system rather than 12hr/day timer
Install vending “vending miser” and delamp
Install heat tape sensor system rather than 12hr/day timer
Install thermostat for unit heater in main mechanical 
room (UH-1) 
Wire heat trace lines on SE corner into system rather than 
into temp sensor
No night lighting in second floor north bathroom. Rewire.
Install heat tape sensor system rather than 12hr/day timer